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Constitutively translocating cell line 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods of assaying GPCR 
desensitization in a agonist-independent manner, host cells useful in such 
5 methods, methods of the identification of compounds that alter GPCR 
desensitization, the compounds identified, and their use in disease 
treatment. 

BACKGROUND 

[0002] G protein-coupled receptors (GPCRs) are cell surface proteins 

10 that translate homione or ligand binding into intracellular signals. GPCRs 
are found in all animals, insects, and plants. GPCR signaling plays a pivotal 
role in regulating various physiological functions including 
phototransduction, olfaction, neurotransmission, vascular tone, cardiac 
output, digestion, pain, and fluid and electrolyte balance. Although they are 

15 involved in numerous physiological functions, GPCRs share a number of 
common structural features. They contain seven membrane domains 
bridged by altemating Intracellular and extracellular loops and an 
intracellular carboxyl-tenminal tail of variable length. 
[0003] GPCRs have been implicated in a number of disease states, 

20 including, but not limited to: cardiac indications such as angina pectoris, 
essential hypertension, myocardial infarction, supraventricular and 
ventricular arrhythmias, congestive heart failure, atherosclerosis, renal 
failure, diabetes, respiratory indications such as asthma, chronic bronchitis, 
bronchospasm, emphysema, airway obstruction, upper respiratory 

25 indications such as rhinitis, seasonal allergies, inflammatory disease, 

inflammation in response to injury, rheumatoid arthritis, chronic inflammatory 
bowel disease, glaucoma, hypergastrinemia, gastrointestinal indications 
such as acid/peptic disorder, erosive esophagitis, gastrointestinal 



wo 03/097795 



PCT/US03/14581 



-2- 

hypersecretion, mastocytosis, gastrointestinal reflux, peptic ulcer, 
Zollinger-Eliison syndrome, pain, obesity, bulimia nervosa, depression, 
obsessive-compulsive disorder, organ malformations (for example, cardiac 
malformations), neurodegenerative diseases such as Parkinson's Disease 
S and Alzheimer's Disease, multiple sclerosis. Epstein-Ban* infection and 
cancer. 

[0004] The magnitude of the physiological responses controlled by 
GPCRs is linked to the balance between GPCR signaling and signal 
temiination. The signaling of GPCRs is controlled by a family of intracellular 

10 proteins called arrestins. Arrestins bind activated GPCRs, including those 
that have been agonist-activated and especially those that have been 
phosphorylated by G protein-coupled receptor kinases (GRKs). 
[0005] Receptors, including GPCRs, have historically been targets for 
drug discovery and therapeutic agents because they bind ligands, 

15 hormones, and drugs with high specificity. Approximately fifty percent of the 
therapeutic drugs in use today target or interact directly with GPCRs. See 
e.g., Jurgen Drews, (2000) "Drug Discovery: A Historical Perspective," 
Science 287:1960-1964. 

[0006] There is a need for accurate, easy to interpret methods of 
20 detecting G protein-coupled receptor activity and methods of assaying 

GPCR activity. One method, as disclosed in Barak et al., U.S. Patent Nos. 

5,891.646 and 6,1 10,693, uses a cell expressing a GPCR and a conjugate 

of an arrestin and a detectable molecule, the contents of which are 

incorporated by reference in their entirety. 
25 [0007] Although only several hundred human GPCRs are known, it is 

estimated that upwards of a thousand GPCRs exist in the human genome. 

Of these known GPCRs, many are orphan receptors that have yet to be 

associated with a ligand. 

[0008] The majority of the existing methods for identifying GPCR 
30 antagonists are dependent on the presence of agonist. Assays for 
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identifying compounds that prevent the activation of GPGRs typically require 
that the GPCR is first activated in order to identify interfering compounds. 
For receptors with known agonists, these agonists are cun^ently used to 
activate these receptors. However, many GPCRs are orphan receptors with 
5 no known ligand or agonist. 

[0009] The agonist-dependence of GPCR assays continues to be a 
problem because antagonist discovery for orphan receptors is typically 
dependent on the prior discovery of agonist or ligand. Agonist-independent 
methods to screen for compounds that alter GPCR desensitization will (1 ) 
10 eliminate the step of agonist-addition in screening methods, and (2) enable 
identification of compounds that alter the desensitization of orphan 
receptors. Agonist-indeperident methods will eliminate the step of 
identifying an agonist of an orphan receptor prior to screening for 
compounds that alter desensitization of the orphan receptor. 

IS SUMMARY 

[001 0] The present invention relates to methods of Identifying 
compounds which alter GPCR internalization. 

[001 1] A first aspect of the present invention is a method of identifying a 
compound which alters GPCR internalization, including: (a) providing a cell 

20 including a GPCR, an an^estin, and a modified GRK, wherein said GPCR is 
at least partially intemalized in an agonist-independent manner upon 
expression of said GRK; (b) exposing said cell to the compound(s); (c) 
determining the cellular distribution of the GPCR, arrestin, or modified GRK; 
and (d) monitoring a difference between (1) the distribution of the GPCR, 

25 arrestin, or modified GRK in the cell in the presence of the compound(s) and 
(2) the distribution of the GPCR. arrestin, or modified GRK in the cell in the 
absence of the compound(s). An agonist may not be provided in the above 
method. In the method, a difference between (1) and (2) of step (d) may 
indicate modulation of GPCR internalization. 
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[0012] The GRK may be over-expressed, its expression may be 
inducible, and it may include a CAAX motif. The GRK may be GRK1 , 
GRK2, GRK3, GRK4. GRK5, GRK6, or a biologically active fragment 
thereof. 

5 [0013] The GPCR may be modified to have enhanced phosphorylation 
by a GRK. The GPCR may be P2AR(Y326A). a GPCR listed in Figure 1, an 
orphan GPCR, a modified GPCR, a taste receptor, a Class A GPCR, a 
Class B GPCR, a mutant GPCR, or a biologically active fragment thereof. 
[0014] The arrestin may be visual arrestin, cone arrestin, P-arrestin 1 , (3- 
10 anrestin-2. or a biologically active fragment thereof. 

[0015] The GPCR, GRK, or arestin may be detectably labeled, A 
molecule involved in desensitization may be detectably labeled, or a 
molecule that Interacts with a molecule involved in desensitization may be 
detectably labeled. 

15 [0016] In a further aspect, the present invention relates to a method of 
identifying a compound that alters GPCR phosphorylation, including: (a) 
providing a cell including a GPCR and a GRK; (b) exposing the cell to the 
compound(s); and (c) determining whether GRK phosphorylation of the 
GPCR is altered in the presence of the compound(s). 

20 [0017] The cellular distribution of the GPCR or GRK may be determined. 
A difference may be monitored between (1) the distribution of the GPCR or 
GRK in the cell in the presence of the compound(s) and (2) the distribution 
of the GPCR or GRK in the cell in the absence of the compound(s). A 
difference may be correlated between (1) and (2) to the phosphorylation of 

25 the GPCR. 

[0018] The GRK may not be located in the plasma membrane, indicating 
that GRK phosphorylation of the GPCR is altered. The phosphorylation 
state of the GPCR may be determined. The activity of the GRK may be 
detennined. The ability of the GPCR to be internalized may be detemnined. 
30 [0019] In an additional aspect, the present invention relates to a method 
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of determining if a GPCR is expressed at the plasma membrane, including: 
(a) providing a cell including a GPCR, an arrestin, and a GRK, wherein the 
arrestin is detectably labeled; (b) detemnining the cellular distribution of the 
arrestin; and (c) correlating the cellular distribution of the anrestin to the 
5 ability of the GPCR to be expressed at the plasma membrane. The arrestin 
may be localized in vesicles, pits endosomes, or elsewhere in the 
desensitization pathway. 

[0020] Additionally, the present invention relates to a further method of 
detemnining if a GPCR is expressed at the plasma membrane, including: (a) 

10 providing a cell including a GPCR and a GRK, wherein the GRK is 

detectably labeled; (b) determining the cellular distribution of the GRK, and 
(c) correlating the cellular distribution of the GRK to the ability of the GPCR 
to be expressed at the plasma membrane. The GRK may be localized at 
the plasma membrane. 

15 [0021] In a further aspect, the present invention relates to a method of 
analyzing the ability of a GPCR to bind anrestin, including: (a) providing a 
cell including a GPCR, an arrestin. and a GRK. wherein the anrestin is 
detectably labeled; (b) determining the cellular distribution of the arrestin; 
and (c) correlating the cellular distribution of the anrestin to the ability of the 

20 GPCR to bind anrestin. The arrestin or the GPCR may be localized in 
vesicles, pits, or endosomes. 

[0022] In an additional aspect, the present invention relates to a 

compound identified by a method of the present invention. 

[0023] In a further aspect, the present invention is related to a method of 

25 treating a disease by modulating desensitization of a GPCR in a host cell, 
including: (a) providing a compound identified by a method of the present 
invention; and (b) administering the compound to a host. 
[0024] Another aspect of the invention relates to a host cell including a 
GPCR and a modified GRK. The GRK may be inducible or over-expressed. 

30 The host cell may further include arrestin. wherein the arrestin may be 
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detectably labeled. The GPCR, GRK or another molecule involved in 
desensitization, or a molecule that interacts with a molecule involved in 
desensitization may be detectably labeled. 

[0025] A further aspect of the present invention relates to a method of 
5 modifying a nucleic acid encoding a GRK in which a GPCR is constitutively 
intemalized, including: (a) providing a nucleic acid encoding a GRK; (b) 
mutating the nucleic acid encoding a GRK such that the encoded GRK 
includes a CAAX motif, wherein the modified GRK phosphorylates a GPCR 
in the absence of agonist; and (c) expressing the modified GRK in a cell. 

10 The nucleic acid encoding a GRK may include SEQ ID No: 2, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 22, 24. 26. 28. 30. 32. or 34. 
[0026] The present invention also relates to a kit for identifying a 
compound that modulates the internalization of a GPCR, including a host 
cell including a GPCR and a modified GRK. 

15 [0027] In a further aspect, the present invention relates to a modified 
GPCR including a NPXXY motif, and a carboxyl terminal tail, wherein the 
carboxyl terminal tail includes a putative site of palmitoylatlon and one or 
more clusters of phosphorylation, wherein the carboxyl temninal tail includes 
a retained portion of a carboxyl-temiinus region of a first GPCR portion 

20 fused to a portion of a carboxyl-tenminus from a second GPCR, and wherein 
the second GPCR includes the one or more clusters of phosphorylation and 
further includes a second putative site of palmitoylatlon approximately 10 to 
25 amino acid residues downstream of a second NPXXY motif. The first 
GPCR may be a Class A receptor. The first GPCR may be hGPRS, hGPR6, 

25 hGPR12, hSREB2, hSREB3. hGPR8, or hGPR22. The second GPCR may 
be a Class B receptor. The Class B receptor may be selected from the 
group consisting of a vasopressin V2 receptor, a neurotensin-1 receptor, a 
substance P receptor, and an oxytocin receptor. 
[0028] The present invention relates to a nucleic acid encoding a 

30 modified GPCR. Included in the present invention are nucleic acids 



wo 03/097795 



PCT/US03/14581 



-7. 

selected from the group consisting of SEQ ID Nos: 36, 38, 40, 42, 44, 46, 
48. 50, 52. 54. 56, 58, 60. 62, 64, 66, 68, 70, 72. 74. 76. 78. 80. 82, 84. 86, 
88. and 90. Also included in the present invention are expression vectors 
including the nucleic acid. Host cells including the expression vector or the 
5 nucleic acid are also included. 

[0029] In a further aspect, the present invention relates to a method of 
screening compounds for GPCR activity including the steps of: (a) providing 
a cell that expresses at least one modified GPCR, wherein the cell further 
includes an-estin conjugated to a detectable molecule; b) exposing the cell 

10 to the compound; (c) detecting location of the anrestin within the cell; (d) 
comparing the location of the anrestin within the cell in the presence of the 
compound to the location of the arrestin within the cell in the absence of the 
compound; and (e) correlating a difference between (1) the location of the 
an^estin within the cell in the presence of the compound and (2) the location 

15 of the arrestin within the cell in the absence of the compound. The arrestin 
may be detected in endosomes, endocytic vesicles, or pits. 
[0030] A further aspect of the present invention is a kit for identifying a 
molecule that modulates the activity of a GPCR, including a cell that 
expresses at least one modified GPCR, wherein the cell further includes a 

20 molecule involved in desensitization conjugated to a detectable molecule. 

BRIEF DESCRIPTION OF DRAWINGS 

[0031] The objects and advantages of the invention will be understood by 
reading the following detailed description in conjunction with the drawings in 
which: 

25 [0032] Figure 1 is a list of GPCRs that may be used with the present 
invention. 

[0033] Figure 2 is a list of GRKs that may be used with the present 
invention. Amino acid and nucleic acid sequences of certain GRKs are 
shown. The amino acid and nucleic acid sequences of GRK2-C20, a 
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mcxiified GRK, are shown. 

[0034] Figure 3 is a list of GPCRs tliat have been modified to have 
enhanced affinity for arrestin. The amino acid and nucleic acid sequences 
are shown. 

5 [0035] Figure 4 illustrates the agonist-independent translocation of 

arrestin-GFP to GPCRs in the presence of GRK2-C20. 

[0036] Figure 5 illustrates the agonist-independent translocation of 

arrestin-GFP to GPCRs in the presence of GRK2-C20. 

[0037] Figure 6 illustrates the agonist-independent translocation of 
10 arrestin-GFP to GPCRs in the presence of GRK2-C20. 

[0038] Figure 7 illustrates the agonist-independent translocation of 

arrestin-GFP to GPCRs in the presence of GRK2-C20. 

DETAILED DESCRIPTION 

[0039] In accordance with the present invention there may be employed 
15 conventional molecular biology, microbiology, immunology, and recombinant 
DNA techniques within the skill of the art. Such techniques are explained 
fully in the literature. See, e.g., Sambrook et ai, "Molecular Cloning: A 
Laboratory Manual" (S"* edition, 2001); "Cun-ent Protocols in Molecular 
Biology" Volumes l-IV [Ausubel. R. M., ed. (2002 and updated bimonthly)]; 
20 "Ceil Biology: A Laboratory Handbook" Volumes l-lll [J. E. Cells, ed. (1994)]; 
"Cun-ent Protocols In Immunology" Volumes l-IV [Coligan, J. E., ed. (2002 
and updated bimonthly)]; "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); 
"Nucleic Acid Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)]; 
'Transcription And Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; 
25 "Culture of Animal Cells, 4* edition" [R.I. Freshney, ed. (2000)]; 

"Immobilized Cells And Enzymes" [IRL Press, (1986)]; B. Perbal, "A 
Practical Guide To Molecular Cloning" (1988); Using Antibodies: A 
Laboratory Manual: Portable Protocol No. I, Harlow, Ed and Lane, David 
(Cold Spring Harbor Press, 1998); Using Antibodies: A Laboratory Manual, 
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Harlow, Ed and Lane, David (Cold Spring Harbor Press, 1999); "G Protein- 
Coupled Receptors" [T, Haga, et al., eds. (1999)]. 
[0040] Unless otherwise stated, the following terms used in the 
specification and claims have the meanings given below: 
5 [0041] A "replicon" is any genetic element (e.g., plasmid, chromosome, 
virus) that functions as an autonomous unit of DNA replication in vivo\ i.e., 
capable of replication under its own control. 

[0042] A "vector'' is a replicon, such as plasmid, phage or cosmid, to 
which another DNA segment may be attached so as to bring about the 

10 replication of the attached segment. 

[0043] A "DNA molecule" refers to the polymeric fomi of 
deoxyribonucleotides (adenine, guanine, thymine, or cytosine) in either its 
single stranded form, or a double-stranded helix. This temn refers only to 
the primary and secondary structure of the molecule, and does not limit it to 

15 any particular tertiary forms. Thus, this term includes double-stranded DNA 
found, inter alia, in linear DNA molecules (e.g., restriction fragments), 
viruses, plasmids, and chromosomes. In discussing the structure of 
particular double-stranded DNA molecules, sequences may be described 
herein according to the normal convention of giving only the sequence in the 

20 5' to 3' direction along the nontranscribed strand of DNA (i.e., the strand 
having a sequence homologous to the mRNA). 
[0044] An "origin of replication" refers to those DNA sequences that 
participate in the initiation of DNA synthesis. 

[0045] A DNA "coding sequence" is a double-stranded DNA sequence 
25 which is transcribed and translated into a polypeptide in vivo when placed 
under the control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a start codon at the 5' (amino) 
terminus and a translation stop codon at the 3' (carboxyl) terminus. A 
coding sequence can include, but is not limited to, prokaryotic sequences, 
30 cDNA from eukaryotic mRNA, genomic DNA sequences from eukaryotic 
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(e.g., mammalian) DNA, and even synthetic DNA sequences. A 
polyadenylation signal and transcription termination sequence will usually be 
located 3' to the coding sequence. 

[0046] Transcriptional and translational control sequences are DNA 
S regulatory sequences, such as promoters, enhancers, polyadenylation 

signals, terminators, and the like, that provide for the expression of a coding 
sequence in a host cell. 

[0047] The expression of a coding sequence in a host cell may be 
inducible. By inducible, it is meant that the expression can be regulated. 

10 For example, the nucleic acid may be present in the cell, but it is not 
expressed until a necessary signal is provided. Typically, inducible 
expression of a protein is controlled by a promoter that requires a necessary 
signal to Induce transcription of the protein. However, expression may also 
be induced by a process or sequence that increases the number of DNA 

IS sequences of interest in the cell. Such processes or sequences include 
origins of replication, as well as the physical addition of DNA to a cell. 
[0048] A "promoter sequence" is a DNA regulatory region capable of 
binding RNA polymerase in a cell and initiating transcription of a 
downstream (3* direction) coding sequence. For purposes of defining the 

20 present invention, the promoter sequence is bounded at its 3' temiinus by 
the transcription initiation site and extends upstream (5' direction) to include 
the minimum number of bases or elements necessary to initiate transcription 
at levels detectable above background. Within the promoter sequence will 
be found a transcription initiation site (conveniently defined by mapping with 

25 nuclease S1 ), as well as protein binding domains (consensus sequences) 
responsible for the binding of RNA polymerase. Eukaryotic promoters will 
often, but not always, contain TATA" boxes and "CAT" boxes. Prokaryotic 
promoters contain Shine-Dalgamo sequences in addition to the -10 and -35 
consensus sequences. 

30 [0049] An "expression control sequence" is a DNA sequence that 
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controls and regulates the transcription and translation of another DNA 
sequence. A coding sequence Is "under the control" of transcriptional and 
translational control sequences in a cell when RNA polymerase transcribes 
the coding sequence into mRNA, which is then translated into the protein 

5 encoded by the coding sequence. 

[0050] A "signal sequence" can be included before the coding sequence. 
This sequence encodes a signal peptide, N-terminal to the polypeptide, that 
communicates to the host cell to direct the polypeptide to the cell surface or 
secrete the polypeptide into the media, and this signal peptide is clipped off 

10 by the host cell before the protein leaves the cell. Signal sequences can be 
found associated with a variety of proteins native to prokaryotes and 
eukaryotes. 

[0051] The temi "oligonucleotide " as used herein in refening to the 
probe of the present invention, is defined as a molecule comprised of two or 
15 more ribonucleotides, preferably more than three. Its exact size will depend 
upon many factors which, in turn, depend upon the ultimate function and 
use of the oligonucleotide. 

[0052] The tenm "primer" as used herein refers to an oligonucleotide, 
whether occuning naturally as in a purified restriction digest or produced 

20 synthetically, which is capable of acting as a point of initiation of synthesis 
when placed under conditions in which synthesis of a primer extension 
product, which is complementary to a nucleic acid strand, Is induced, i.e., in 
the presence of nucleotides and an inducing agent such as a DNA 
polymerase and at a suitable temperature and pH. The primer may be 

25 either single-stranded or double-stranded and must be sufficiently long to 
prime the synthesis of the desired extension product in the presence of the 
inducing agent. The exact length of the primer will depend upon many 
factors, including temperature, source of primer and use of the method. For 
example, for diagnostic applications, depending on the complexity of the 

30 target sequence, the oligonucleotide primer typically contains 1 5-25 or more 
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nucleotides, although it may contain fewer nucleotides. 
[0053] The primers herein are selected to be "substantially" 
complementary to different strands of a particular target DNA sequence. 
This means that the primers must be sufficiently complementary to hybridize 

5 with their respective strands. Therefore, the primer sequence need not 
reflect the exact sequence of the template. For example, a 
non-complementary nucleotide fragment may be attached to the 5' end of 
the primer, with the remainder of the primer sequence being complementary 
to the strand. Alternatively, non-complementary bases or longer sequences 

10 can be interspersed into the primer, provided that the primer sequence has 
sufficient complementarity with the sequence of the strand to hybridize 
therewith and thereby form the template for the synthesis of the extension 
product. 

[0054] As used herein, the terms "restriction endonucleases" and 

15 "restriction enzymes" refer to bacterial enzymes, each of which cut 
double-stranded DNA at or near a specific nucleotide sequence. 
[0055] A cell has been "transformed" by exogenous or heterologous DNA 
when such DNA has been introduced inside the cell. The transforming DNA 
may or may not be Integrated (covalently linked) into chromosomal DNA 

20 making up the genome of the cell. In prokaryotes, yeast, and mammalian 
cells for example, the transforming DNA may be maintained on an episomal 
element such as a plasmid. With respect to eukaryotic cells, a stably 
transformed cell is one in which the transforming DNA has become 
integrated into a chromosome so that it is inherited by daughter cells 

25 through chromosome replication. This stability is demonstrated by the ability 
of the eukaryotic cell to establish cell lines or clones comprised of a 
population of daughter cells containing the transforming DNA. A "clone" is a 
population of cells derived from a single cell or common ancestor by mitosis. 
A "cell line" is a clone of a primary cell that is capable of stable growth in 

30 vitro for many generations. 
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[0056] Two DNA sequences are "substantially homologous" when at 
least about 65% (preferably at least about 80%, and most preferably at least 
about 90 or 95%) of the nucleotides match over the defined length of the 
DNA sequences. Sequences that are substantially homologous can be 

5 identified by comparing the sequences using standard software available In 
sequence data banks, or in a Southern hybridization experiment under, for 
example, stringent conditions as defined for that particular system. Defining 
appropriate hybridization conditions is within the sl<ill of the art. See, e.g., 
Maniatis et al., supra; DNA Cloning, Vols. I & 11. supra; Nucleic Acid 

10 Hybridization, supra. 

[0057] It should be appreciated that also within the scope of the present 
invention are DNA sequences encoding the same amino acid sequence as 
SEQ ID NO: 1, 3, 5, 7, 9. 11, 13, 15. 17. 19, 21, 23. 25, 27, 29, 31. 33, 35, 
37. 39. 41. 43. 45, 47. 49. 51, 53, 55, 57, 59, 61, 63, 65, 67, 69. 71. 73, 75, 

15 77, 79, 81 . 83. 85, 87. and 89. but also those which are degenerate to SEQ 
ID NO: 2. 4, 6. 8, 10. 12. 14, 16. 18. 20, 22. 24. 26, 28, 30, 32, 34. 36. 38, 
40. 42. 44, 46, 48, 50, 52, 54, 56, 58. 60, 62. 64. 66. 68, 70, 72. 74, 76. 78, 
80, 82. 84, 86, 88, and 90. By "degenerate to" is meant that a different 
three-letter codon is used to specify a particular amino acid. 

20 [0058] "Arrestin" means all types of naturally occurring and engineered 
variants of arrestin, Including, but not limited to. visual anrestin (sometimes 
refened to as Arrestin 1). cone arrestin (sometimes refened to as anrestin- 
4), p-arrestin 1 (sometimes referred to as Arrestin 2), and p-arrestin 2 
(sometimes refenred to as Arrestin 3). 

25 [0059] "PARK1 " is a GRK termed P-adrenergic receptor kinase 1 , also 
called GRK2. 

[0060] "PAR" is a GPCR termed a P-adrenergic receptor. 
[0061] "Internalization" of a GPCR is the translocation of a GPCR from 
the cell surtece membrane to an Intracellular vesicular membrane, where It 
30 may be inaccessible to substances remaining outside the cell. 



wo 03/097795 



PCT/US03/14581 



-14- 

[0062] "Carboxyl-terminai tail" means the carboxyl-terminal tail of a 
GPCR following membrane span 7. The carboxyl-temiinal tail of many 
GPCRs begins shortly after the conserved NPXXY motif that marks the end 
of the seventh transmembrane domain (i.e. what follows the NPXXY motif Is 

5 the carboxyl-terminal tail of the GPCR). The carboxyl-temninal tail may be 
relatively long (approximately tens to hundreds of amino acids), relatively 
short (approximately tens of amino acids), or virtually non-existent (less than 
approximately ten amino acids). As used herein, "carboxyl-terminal tail" shall 
mean all three variants (whether relatively long, relatively short, or virtually 

10 non-existent), and may or may not contain palmitoylated cysteine residue(s). 
[0063] "Class A receptors" preferably do not translocate together with 
arrestin proteins to endocytic vesides or endosomes in association with 
arrestin-GFP in HEK-293 cells. 

[0064] "Class B receptors" preferably do translocate together with 
IS arrestin proteins to endocytic vesicles or endosomes associated with 
an-estin-GFP in HEK-293 cells. 

[0065] "DACs" mean any desensitization active compounds. 
Desensitization active compounds are any compounds that influence the 
GPCR desensitization mechanism by either stimulating or inhibiting the 

20 process. DACs may influence the GPCR desensitization pathway by acting 
on any cellular component of the process, as well as any cellular stmcture 
implicated in the process, including but not limited to: an-estins, GRKs. 
GPCRs, phosphoinositide 3-kinase, AP-2 protein, clathrin, protein 
phosphatases, and the like. DACs may include, but are not limited to, 

25 compounds that inhibrt an-estin translocating to a GPCR, compounds that 
inhibit arrestin binding to a GPCR, compounds that stimulate arrestin 
translocating to a GPCR, compounds that stimulate arrestin binding to a 
GPCR, compounds that inhibit GRK phosphorylation of a GPCR. 
compounds that stimulate GRK phosphorylation of a GPCR, compounds 

30 that stimulate or inhibit GRK binding to a GPCR. compounds that inhibit 
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protein phosphatase dephosphorylation of a GPCR, compounds that 
stimulate protein phosphatase dephosphorylation of a GPCR. compounds 
that prevent GPCR internalization or recycling to the cell surface, 
compounds that regulate the release of an-estin from a GPCR, antagonists 

5 of a GPCR, inverse agonists and the like. DACs may inhibit or stimulate the 
GPCR desensitization process and may not bind to the same ligand binding 
site of the GPCR as traditional agonists and antagonists of the GPCR. 
DACs may act independently of the GPCR, i.e., they do not have high 
specificity for one particular GPCR or one particular type of GPCRs. DACs 

10 may bind the same site(s) as agonist or antagonist but do not desensitize 
the receptor (perhaps by not altering the receptor to be properly 
phosphorylated or bind to arestin or any other protein). DACs may bind to 
allosteric sites on the receptor and inhibit or enhance desensitization. 
[0066] "Detectable molecule" means any molecule capable of detection 

15 by spectroscopic, photochemical, biochemical, immunochemical, electrical, 
radioactive, and optical means, including but not limited to, fluorescence, 
phosphorescence, and bioluminescence and radioactive decay. Detectable 
molecules include, but are not limited to, GFP, luciferase, P-galactosidase, 
rhodamine-conjugated antibody, and the like. Detectable molecules include 

20 radioisotopes, epitope tags, affinity labels, enzymes, fluorescent groups, 
chemiluminescent groups, and the like. Detectable molecules include 
molecules which are directly or indirectly detected as a function of their 
interaction with other molecule(s). 

[0067] "GFP" means Green Fluorescent Protein which refers to various 
25 naturally occurring fonns of GFP which may be isolated from natural 

sources or genetically engineered, as well as artificially modified GFPs. 

GFPs are well known in the art. See, for example, U.S. Patent Nos. 

5,625,048; 5,777,079; and 6,066,476. It is well understood in the art that 

GFP is readily interchangeable with other fluorescent proteins, isolated from 
30 natural sources or genetically engineered, including but not limited to, yellow 
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fluorescent proteins (YFP), red fluorescent proteins (RFP). cyan fluorescent 
proteins (CFP), blue fluorescent proteins, luciferin, UV excitable fluorescent 
proteins, or any wave-length in between. As used herein, "GPP" shall 
mean all fluorescent proteins known in the art. 
5 [0068] "Unknown or Orphan Receptor" means a GPCR whose ligands 
are unknown. 

[0069] "Downstream" means toward a carboxyl-terminus of an amino 

acid sequence, with respect to the amino-terminus. 

[0070] "Upstream" means toward an amino-terminus of an amino acid 

10 sequence, with respect to the carboxyl-terminus. 

[0071] Amino acid substitutions may also be introduced to substitute an 
amino acid with a particularly preferable property. For example, a Cys may 
be introduced a potential site in order to allow formation of disulfide bridges 
with another Cys. A His may be introduced as a particulariy "catalytic" 

15 residue (i.e., His can act as an acid or base and Is the most common amino 
acid in biochemical catalysis). Pro may be introduced because of its 
particularly planar structure, which induces p-tums in the protein's structure. 
[0072] Two amino acid sequences are "substantially homologous" when 
at least about 70% of the amino acid residues (preferably at least about 

20 80%, and most preferably at least about 90 or 95%) are Identical, or 
represent consen/ative substitutions. 

[0073] A "heterologous" region of the DNA constaict is an identifiable 
segment of DNA within a larger DNA molecule that is not found in 
association with the larger molecule in nature. Thus, when the heterologous 

25 region encodes a mammalian gene, the gene will usually be flanked by DNA 
that does not flank the mammalian genomic DNA in the genome of the 
source organism. Another example of a heterologous coding sequence is a 
constnjct where the coding sequence itself is not found in nature (e.g., a 
cDNA where the genomic coding sequence contains introns, or synthetic 

30 sequences having codons different than the native gene). Allelic variations 
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or naturally-occurring mutational events do not give rise to a heterologous 
region of DNA as defined herein. 

[0074] The phrase "pharmaceutically acceptable" refers to molecular 
entities and compositions that are physiologically tolerable and do not 

5 typically produce an allergic or similar untoward reaction, such as gastric 
upset, dizziness and the like, when administered to a human. 
[0075] The phrase "therapeutically effective amount" is used herein to 
mean an amount sufficient to prevent, and preferably reduce some feature 
of pathology such as for example, elevated blood pressure, respiratory 

10 output, etc. 

[0076] A DNA sequence is "operatively linked" to an expression control 
sequence when the expression control sequence controls and regulates the 
transcription and translation of that DNA sequence. The temi "operatively 
linked" Includes having an appropriate start signal (e.g.. ATG) in front of the 

15 DNA sequence to be expressed and maintaining the correct reading frame 
to permit expression of the DNA sequence under the control of the 
expression control sequence and production of the desired product encoded 
by the DNA sequence. If a gene that one desires to insert into a 
recombinant DNA molecule does not contain an appropriate start signal, 

20 such a start signal can be inserted in front of the gene. 

[0077] "Hybridization" means hydrogen bonding, which may be Watson- 
Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding, between 
complementary nucleoside or nucleotide bases. For example, adenine (A) 
and thymine (T) are complementary nucleobases that pair through the 

25 formation of hydrogen bonds. 

[0078] The term "standard hybridization conditions" refers to salt and 
temperature conditions substantially equivalent to 5 x SSC and 65 "^C for 
both hybridization and wash. However, one skilled in the art will appreciate 
that such "standard hybridization conditions" are dependent on particular 

30 conditions including the concentration of sodium and magnesium in the 
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buffer, nucleotide sequence length and concentration, percent mismatch, 
percent formamide, and the like. Also important in the determination of 
"standard hybridization conditions" is whether the two sequences hybridizing 
are RNA-RNA, DNA-DNA or RNA-DNA. Such standard hybridization 

5 conditions are easily determined by one skilled in the art according to well 
known formulae, wherein hybridization is typically 10-20 ""C below the 
predicted or determined Tm with washes of higher stringency, if desired. 
[0079] By "animal" is meant any member of the animal kingdom including 
vertebrates (e.g., frogs, salamanders, chickens, or horses) and invertebrates 

10 (e.g., wonns, etc.). "Animal" is also meant to include "mammals." Preferred 
mammals include livestock animals (e.g., ungulates, such as cattle, buffalo, 
horses, sheep, pigs and goats), as well as rodents (e.g., mice, hamsters, 
rats and guinea pigs), canines, felines, primates, lupine, camelid, cervidae, 
rodent, avian and ichthyes. 

15 [0080] "Antagonist(s)" include all agents that interfere with wild-type 
and/or modified GPCR binding to an agonist, wild-type and/or modified 
GPCR desensitization, wild-type and/or modified GPCR binding arrestin, 
wild-type and/or modified GPCR endosomal localization, internalization, and 
the like, including agents that affect the wild-type and/or modified GPCRs as 

20 well as agents that affect other proteins involved in wild-type and/or modified 
GPCR signaling, desensitization, endosomal localization, resensitization, 
and the like. 

[0081] "Modified GPCR" means a GPCR that has one or more 
modifications in the amino acid sequence of its carboxyl-temninal tail. As 

25 such, the carboxyl-tenminal tail may be modified in whole or in part. These 
modifications in the amino acid sequence include mutations of one or more 
amino acids, insertion of one or more amino acids, deletion of one or more 
amino acids, and substitutions of one or more amino acids in which one or 
more amino acids are deleted and one or more amino acids are added in 

30 place of the deleted amino acids. Such modified GPCRs are described 
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herein, as well as in U.S.S.N. 09/993,844, which is incorporated herein by 
reference in their entireties. 

[0082] "GPCR" means G protein-coupled receptor and includes GPCRs 
naturally occurring in nature, as well as GPCRs which have been modified. 

5 [0083] "Putative site of palmitoylation'* means an expected site of 

palmitate addition, preferably a cysteine residue. In the GPCRs used in the 
present invention, the putative site of palmitoylation is preferably 10 to 25. 
preferably 15 to 20, amino acid residues downstream of the NPXXY motif. 
[0084] "Clusters of phosphorylation sites" mean clusters of amino acid 

10 residues that may be efficiently phosphorylated and thus readily function as 
phosphorylation sites. The clusters of amino acids occupy two out of two, 
two out of three, three out of three positions, three out of four positions, four 
out of four, four out of five positions, five out of five, and the like consecutive 
amino acid positions in the carboxyl terminal tail of a GPCR. These clusters 

15 of phosphorylation sites are preferably clusters of serine (S) and/or 

' threonine (T) residues. Clusters of phosphorylation sites may be substituted, 
inserted, or added on to a GPCR sequence so that the resulting modified 
GPCR binds an-estin with sufficient affinity to recruit arrestin into 
endosomes. 

20 [0085] "NPXXY motlT means a conserved amino acid motif that marks 
the end of the seventh transmembrane domain. The conserved amino acid 
motif begins most frequently with asparagine and proline followed by two 
unspecified amino acids and then a tyrosine. The two unspecified amino 
acids may vary among GPCRs but the overall NPXXY motif is conserved. 

25 [0086] "Abnormal GPCR desensitization" and "abnormal desensitization" 
mean that the GPCR desensitization pathway is disrupted such that the 
balance between active receptor and desensitized receptor is altered with 
respect to wild-type conditions. Either there is more active receptor than 
normal or there is more desensitized receptor than wild-type conditions. 

30 Abnomial GPCR desensitization may be the result of a GPCR that is 
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constitutiveiy active or constitutively desensitized, leading to an increase 
above normal in the signaling of that receptor or a decrease below nonmal in 
the signaling of that receptor. 

[0087] "Biological sample" is intended to include tissues, cells and 

S biological fluids isolated from a subject, as well as tissues, cells and fluids 
present within a subject; wherein said sample can be blood, serum, a urine 
sample, a fecal sample, a tumor sample, a cellular wash, an oral sample, 
sputum, biological fluid, a tissue extract, freshly harvested cells, or cells 
which have been incubated in tissue culture. 

10 [0088] "Concurrent administration," ''administration in combination," 

"simultaneous administration," or "administered simultaneously" mean that 
the compounds are administered at the same point in time or sufficiently 
close in time that the results obsen^ed are essentially the same as if the two 
or more compounds were administered at the same point in time. 

15 [0089] "Conserved abnormality" means an abnormality In the GPCR 
pathway, including but not limited to, abnormalities in GPCRs, GRKs, 
anrestins, AP-2 protein, clathrin, protein phosphatase and the like, that may 
cause abnormal GPCR signaling. This abnomial GPCR signaling may 
contribute to a GPCR-related disease. 

20 [0090] "Desensitized GPCR" means a GPCR that presently does not 
have ability to respond to agonist and activate conventional G protein 
signaling. 

[0091] "Desensitization pathway" means any cellular component of the 
desensitization process, as well as any cellular structure implicated in the 

25 desensitization process and subsequent processes, including but not limited 
to, arrestins. GRKs, GPCRs, AP-2 protein, clathrin, protein phosphatases, 
and the like. In the methods of assaying of the present invention, the 
polypeptides may be detected, for example, in the cytoplasm, at a cell 
membrane, in clathrin-coated pits, in endocytic vesicles, endosomes. any 

30 stages in between, and the like. 
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[0092] "GPCR signaling" means GPCR induced activation of G proteins. 
This may result in, for example, cAMP production. 
[0093] "G protein-coupled receptor kinase" (GRK) includes any kinase 
that has the ability to phosphorylate a GPCR. Certain GRKs which may be 
5 used in the present invention are listed in Figure 2. Splice variants, 

biologically active fragments, modified GRKs, and GRKs from animals and 
other organisms are included. 

[0094] ''Homo sapiens GPCR" means a naturally occurring GPCR in a 
Homo sapiens. 

10 [0095] "Inverse agonist" means a compound that, upon binding to the 
GPCR, inhibits the basal intrinsic activity of the GPCR. An inverse agonist 
Is a type of antagonist. 

[0096] "Modified GRK" means a GRK modified such that it alters 
desensitization. 

15 [0097] "Naturally occurring GPCR" means a GPCR that is present in 
nature. 

[0098] "Odorant ligand" means a ligand compound that, upon binding to 
a receptor, leads to the perception of an odor including a synthetic 
compound and/or recombinantly produced compound including agonist and 

20 antagonist molecules. 

[0099] "Odorant receptor" means a receptor protein normally found on 
the surface of olfactory neurons which, when activated (normally by binding 
an odorant ligand) leads to the perception of an odor. 
[00100] The term "pharmaceutically acceptable earner," as used herein 

25 means a pharmaceutically-acceptable material, composition or vehicle, such 
as a liquid or solid filler, diluent, excipient, solvent or encapsulating material, 
involved in canrying or transporting a chemical agent. 
[001 01] "Sensitized GPCR" means a GPCR that presently has ability to 
respond to agonist and activate conventional G protein signaling. 

30 [001 02] "Modulation" includes at least an up-regulation or down-regulation 
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of the expression, or an increase or decrease in activity of a protein. 
Modulation of a protein includes the up-regulation, down-regulation, 
increase or decrease in activity of a protein or compound that regulates a 
protein. Modulation also includes the regulation of the gene, the mRNA, or 
5 any other step in the synthesis of the protein of interest. 

[00103] An "overexpressed" protein refers to a protein that is expressed at 
levels greater than wild-type expression levels. 

[00104] "Modified GRK" means a GRK that has one or more modifications 
in the amino acid sequence at the C-terminus of the GRK. The modified 
10 GRK constitutively localizes to the plasma membrane. Preferably, the GRK 
is modified by the addition of a CAAX motif. 

[00105] "CAAX" motif means a four amino acid sequence, wherein C is 
cysteine; A is an aliphatic amino acid; and X is the C-terminal amino acid of 
the protein. 

15 [00106] A "constitutive" activity means an activity that occurs in the 

absence of agonist. For example, the modified GRK constitutively localizes 
to the plasma membrane means that the modified GRK localizes to the 
plasma membrane In the absence of agonist. 

[00107] ''GRK-C20" refers to a modified GRK which has the ability to have 
20 a geranylgeranyl group added to it. GRK2-C20 is a GRK2 modified in this 
manner. Preferably, the GRK-C20 contains a CAAX motif. 

[00108] The present Inventors developed an agonist-independent method 
to screen for compounds that alter GPCR desensitization. They developed 
cell lines in which GPCRs are desensitized in the absence of agonist. 
25 These cell lines include GRKs, which may be modified. Using these cell 
lines, they developed methods to screen for compounds that alter GPCR 
desensitization in the absence of agonist. These methods eliminate the 
step of agonist addition from the screening method. The elimination of this 
step (1 ) creates more efficient screening methods for compounds that alter 
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desensitization of GPCRs with known agonists, and (2) provides screening 
methods for compounds that alter desensitization of orphan GPCRs. which 
have no known agonist. They developed methods to detennine if a GPCR 
is expressed at the plasma membrane, and detennine if the GPCR has an 

5 affinity for arrestin; preferably these methods utilize an orphan GPCR and 
host cells containing a GRK, wherein the GPCR is at least partially 
internalized in an agonist-independent manner upon expression of the GRK. 
thus eliminating the need for agonist addition. They modified GPCRs to 
Increase their affinities for arrestin. These modified GPCRs are useful in 

10 the agonist-independent methods to screen for compounds that alter 
desensitization. 

[001 09] GPCRs and desensitization 

[001 10] The exposure of a GPCR to agonist produces rapid attenuation of 
its signaling ability that involves uncoupling of the receptor from its cognate 

15 heterotrimeric G-protein. The cellular mechanism mediating agonist-specific 
or homologous desensitization is a two-step process in which 
agonist-occupied receptors are phosphorylated by a G protein-coupled 
receptor kinases (GRKs) and then bind an arrestin protein. 
[001 11] It is known that after agonists bind GPCRs, G-protein coupled 

20 receptor kinases (GRKs) phosphorylate intracellular domains of GPCRs. 
After phosphorylation, an arrestin protein associates with the GRK- 
phosphorylated receptor and uncouples the receptor from its cognate G 
protein. The interaction of the an^estin with the phosphorylated GPCR 
terminates GPCR signaling and produces a non-signaling, desensitized 

25 receptor. 

[001 12] The arrestin bound to the desensitized GPCR targets the GPCR 
to ciathrin-coated pits or other cellular machinery for endocytosis (i.e., 
internalization) by functioning as an adaptor protein, which links the GPCR 
to components of the endocytic machinery, such as adaptor protein-2 (AP-2) 
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and clathrin. The internalized GPCRis are dephosphorylated and are 
recycled back to the cell surface resensitized, or are retained within the cell 
and degraded. The stability of the interaction of an^estin with the GPCR is 
one factor that dictates the rate of GPCR dephosphorylation, recycling, and 
5 resensitizatlon. The involvement of GPCR phosphorylation and 

dephosphorylation in the desensitization process has been exemplified in 
U.S.S.N. 09/933,844, filed November 5, 2001 , the disclosure of which is 
hereby incorporated by reference in its entirety. 

[00113] Using methods described herein, the present inventors identified 
10 certain GPCRs which do not have an affinity for an-estin. They modified 
these GPCRs to comprise one or more sites of phosphorylation, preferably 
clusters of phosphorylation sites, properly positioned in their 
carboxyl-temninal tail. This modification allows the modified GPCR to fornn a 
stable complex with an an-estin that will Internalize as a unit into endosomes. 
15 These modified GPCRs may be useful in methods of assaying GPCR 

activity. These modified GPCRs may be useful to identify agonists of the 
GPCRs. These modified GPCRs may be useful in the agonist-independent 
screening methods described herein. 

[001 14] Agonist-independent screening methods using GPCRs altered to 
20 contain a DRY motif are described in U.S.S.N. 10/054,616, which is 

incorporated herein by reference in its entirety. The alteration of the GPCR 
is included in that screening process; each GPCR to be utilized must be 
altered in that manner. 

[00115] The present inventors developed agonist-independent screening 
25 methods using GRKs, which may be modified. These GRKs phosphorylate 
GPCRs in the absence of agonist. These phosphorylated GPCRs 
internalize in the absence of agonist. The present inventors developed 
agonist-independent methods of screening for antagonists of GPCR 
internalization utilizing these modified GRKs. These methods do not require 
30 the GPCR alterations described in U.S.S.N. 10/054,616. 
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[00116] Previously, certain GRKs were shown to constitutively localize in 
the plasma membrane. Inglese et a! constructed GRK2-C20 which was 
constitutively isoprenylated and localized to the membranes. 
[0011 7] The present inventors determined that cellular expression of 
S GRKs that constitutively localize in the plasma membrane results in 
constitutive desensitization of GPCRs. These GRKs may be over- 
expressed, their expression may be inducible, the nucleic acids encoding 
them may be located in a vector or integrated into the genome. The present 
inventors constructed host cell expressing a GRK that constitutively 

10 localizes in the plasma membrane. These host cells may also express 

arrestin. To these host cells, they introduced a GPCR of interest. Using the 
GRK-containing cells, they developed methods to determine if a GPCR of 
interest is expressed at the plasma membrane, analyze the ability of a 
GPCR to bind an^estin, and detect constitutively desensitized GPCRs. They 

15 built upon these desensitization methods and developed agonist- 
independent methods of identifying compounds that alter GPCR 
desensitization. These methods are useful for the identification of 
compounds that alter the internalization of GPCRs, whether the GPCR 
agonist is known or unknown. 

20 [001 1 8] The present inventors also detenmined that increased expression 
of wild-type or modified GRKs increased desensitization, inrespective of 
whether the GRK constitutively localized in the plasma membrane. 
[001 19] The present invention is related to modified GPCRs, polypeptides 
of modified GPCRs, nucleic acid molecules that encode the modified 

25 GPCRs, vectors containing the nucleic acid molecules which encode the 
modified GPCRs. vectors enabling the nucleic acid construction of the 
modified GPCRs, and cells containing modified GPCRs. The invention 
further relates to assay systems using the modified GPCRs, assay systems 
using the cells containing modified GPCRs, compounds identified using the 

30 assay systems, methods of treatment using the compounds identified, 
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methods of disease diagnosis using the assay systems, and kits containing 
assay reagents of the present invention and cells of the present invention. 
[00120] Mutations can be made in the GPCR or modified GPCR such that 
a particular codon is changed to a codon which codes for a different amino 
5 acid. Such a mutation is generally made by making the fewest nucleotide 
changes possible. A substitution mutation of this sort can be made to 
change an amino acid in the resulting protein in a non-conservative manner 
(i.e., by changing the codon from an amino acid belonging to a grouping of 
amino acids having a particular size or characteristic to an amino acid 

10 belonging to another grouping) or in a conservative manner (i.e., by 

changing the codon from an amino acid belonging to a grouping of amino 
acids having a particular size or characteristic to an amino acid belonging to 
the same grouping). Such a conservative change generally leads to less 
change in the structure and function of the resulting protein. A 

15 non-conservative change is more likely to alter the structure, activity or 
function of the resulting protein. The present invention should be 
considered to include sequences containing conservative changes which do 
not significantly alter the activity or binding characteristics of the resulting 
protein. 

20 [00121] In a particular embodiment, the modified GPCRs of the present 
invention include GPCRs that have been modified to have one or more sites 
of phosphorylation, preferably clusters of phosphorylation sites, properly 
positioned in its carboxyl-terminal tail. These modified GPCRs recruit 
an^estin to endosomes within approximately 30 minutes of agonist 

25 stimulation. These modified GPCRs recruit anrestin to endosomes in the 
cells described herein, in which the GPCR is phosphorylated in an agonist- 
independent manner. 

[00122] The modified GPCRs of the present Invention comprise one or 
more sites of phosphorylation, preferably one or more clusters of 
30 phosphorylation sites, properly positioned in its carboxyl-terminal tail. The 
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present inventors have discovered that GPCRs containing one or more sites 
of phosphorylation, preferably clusters of phosphorylation sites, properly 
positioned in its carboxyl-temiinal tail have an increased affinity for anrestin 
and colocalize with arrestin in endosomes upon GPCR phosphorylation, 

5 either after stimulation with agonist or In an agonist-independent manner as 
described herein. The present inventors have also discovered that the one 
or more sites of phosphorylation, preferably clusters of phosphorylation 
sites, must be optimally positioned within the GPCR tall for the GPCR to 
have an increased affinity for arrestin. Therefore, the modified GPCRs may 

10 be constructed such that the one or more sites of phosphorylation. 

preferably clusters of phosphorylation sites, are optimally positioned within 
the carboxyl-terminal tail. The portions of polypeptides, which are to be 
fused together to fonm the modified GPCR, are chosen such that the one or 
more sites of phosphorylation, preferably clusters of phosphorylation sites, 

15 are reliably positioned properly within the carboxyl-terminal tail. In the 
alternative, the location of discrete point mutations to create the modified 
GPCR may be chosen so that the one or more sites of phosphorylation, 
preferably clusters of phosphorylation sites, are properly positioned within 
the carboxyl-terminal tail. 

20 [00123] The present inventors have discovered that the modified GPCRs 
of the present invention are useful in assays for screening compounds that 
may alter G protein-coupled receptor (GPCR) activity. Examples of assays 
in which the present Invention may be used include, but are not limited to. 
those as described In U.S. Patent Nos. 5,891,646 and 6.110,693. the 

25 disclosures of which are hereby incorporated by reference in their entireties. 
Additional examples of assays in which the present invention may be used 
include, but are not limited to. assays using Fluorescent Resonance Energy 
Transfer (FRET) and assays using Bioluminescence Resonance Energy 
Transfer (BRET) technology as described in Angers, S., Salahpour, A., Joly, 

30 E., Hilairet, S.. Chelsky. "pj-adrenergic receptor dimerization in living cells 
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using bioluminescence resonance energy transfer (BRET)," Proc. Natl, 
Acad. Sci. USA 97, 7: 3684 - 3689. 

[00124] The present inventors have determined that these modified 
GPCRs are useful in agonist-independent assays for screening compounds 
5 that may alter GPCR internalization. Examples of assays in which the 
present invention may be used include, but are not limited to, assays 
described herein. 

Methods of enh ancing GPCR desensitization 

[00125] Provided in the present invention are methods of enhancing 

10 GPCR desensitization. One embodiment is related to the expression of 
GRKs, which may be modified. The GRKs may be over-expressed or their 
expression may be inducible. These methods may be used to analyze the 
desensitization of a GPCR. including a modified GPCR, an orphan GPCR, a 
taste receptor, a mutant GPCR. the p2AR Y326A GPCR mutant, or another 

15 GPCR. Certain GPCRs useful in the present invention are listed in Figure 1 . 
[00126] In a preferred embodiment, a cell is provided that contains an 
expression system and a nucleic acid encoding a GRK. The GRK may be 
modified such that the expression of the GRK results in constitutive 
desensitization of the GPCR. The GRK may be over-expressed and its 

20 expression may be inducible. 

[00127] Preferably, host cells are provided which include a GRK, which 
may be modified, and anrestin. A GPCR is then added to these cells. The 
agonist-independent desensitization of the GPCR is detected. Figures 4, 5, 
6, and 7 are examples of this method. Detection methods are described 

25 below. 

[00128] The present invention provides methods of determining if the 
GPCR of interest is expressed at the plasma membrane. GPCRs 
expressed at the plasma membrane are useful in the previously mentioned 
methods of compound identification. 
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[00129] A preferred method of determining if a GPCR of interest is 
expressed at the plasma membrane includes: (a) providing a cell including a 
GPCR. an arrestin, and a GRK, wherein the an^estin Is detectably labeled; 
(b) determining the cellular distribution of the an-estin; and (c) con-elating the 
S cellular distribution of the an-estin to the ability of the GPCR to be expressed 
at the plasma membrane. 

[001 30] Prefen-ed embodiments of this aspect of the invention are 
described in Examples 2, 3. 4, 5, 6, and 7 and illustrated in Figures 4, 5, 6, 
and 7. 

10 [001 31] Another method of detemiining if a GPCR of interest is expressed 
at the plasma membrane includes: (a) providing a cell comprising a GPCR 
and a GRK, wherein the GRK is detectably labeled; (b) detemiining the 
cellular distribution of the GRK; and (c) con-elating the cellular distribution of 
the GRK to the ability of the GPCR to be expressed at the plasma 

15 membrane. 

[00132] The present invention provides methods of analyzing the ability of 
a GPCR to bind arrestin. GPCRs which bind arrestin are useful in the 
previously mentioned methods of compound identification. 
[00133] A preferred method of analyzing the ability of a GPCR to bind 

20 arrestin includes: (a) providing a cell including a GPCR, an anrestin, and a 
GRK, wherein the an-estin is detectably labeled; (b) determining the cellular 
distribution of the anrestin; and (c) correlating the cellular distribution of the 
arrestin to the ability of the GPCR to bind anrestin. 
[001 34] Preferred embodiments of this aspect of the invention are 

25 described in Examples 2, 3, 4, 5, 6, and 7, and illustrated in Figures 4, 5, 6, , 
and 7. 

[00135] Using this method, certain GPCRs will bind anrestin and 
desensitize. However, certain GPCRs will not desensitize without 
modification of the GPCR. as described in U.S.S.N. 09/993,844. The 
30 present inventors modified several GPCRs, including known and orphan 
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GPCRs, listed in Figure 3. Upon modification, these modified GPCRs 
constitutively desensitized in the above system. 

Modified GPCRs 

[00136] The present invention is related to modified GPCRs. Modified 

5 GPCRs of the present invention may comprise one or more modifications in 
their carboxyl-terminal tail. These modifications may comprise inserting one 
or more sites of phosphorylation, preferably clusters of phosphorylation 
sites, within certain regions of the carboxyl-temiinal tail. As such, the 
carboxyj-tenminal tall may be modified In whole or in part. The 

1 0 carboxyl-temiinal tail of many GPCRs begins shortly after a conserved 

NPXXY motif that marks the end of the seventh transmembrane domain (i.e. 
what follows the NPXXY motif is the carboxyl-temiinal tail of the GPCR). 
The carboxyl-temiinal tail of many GPCRs comprises a putative site of 
palmitoylation approximately 10 to 25 amino acid residues, preferably 15 to 

15 20 amino acid residues, downstream of the NPXXY motif. This site is 
typically one or more cysteine residues. The carboxyl-terminal tail of a 
GPCR may be relatively long, relatively short, or virtually non-existent. The 
present inventors have detemnined that the carboxyl-terminal tail of a GPCR 
detemiines the affinity of arrestin binding. 

20 [00137] The present inventors have discovered that specific amino acid 
motifs in the carboxyl-temiinal tail promote formation of a stable 
GPCR/arrestin complex and thus ultimately may promote recruitment of 
arrestin to endosomes. These amino acid motifs comprise one or more 
amino acids, preferably clusters of amino acid residues, that may be 

25 efficiently phosphorylated and thus readily function as phosphorylation sites. 
The clusters of amino acids may occupy two out of two, two out of three, 
three out of three, three out of four positions, four out of four, four out of five 
positions, five out of five, and the like consecutive amino acid positions. 
Accordingly, the clusters of amino acids that promote fomiation of a stable 
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GPCR/arrestin complex are "clusters of phosphorylation sites." These 
clusters of phosphorylation sites are preferably clusters of serine and 
threonine residues. 

[00138] GPCRs that form stable complexes with anrestin comprise one or 

5 more sites of phosphorylation, preferably clusters of phosphorylation sites. 
In addition to the presence of the one or more sites of phosphorylation, 
preferably clusters of phosphorylation sites, it has been discovered that the 
sites must be properly positioned within the carboxyl-terminal tail to promote 
formation pf a stable GPCR/arrestin complex. To promote formation of a 

10 stable GPCR/arrestin complex, the one or more sites of phosphorylation, 
preferably one or more clusters of phosphorylation, may be approximately 
15 to 35 (preferably 15 to 25) amino acid residues downstream of a putative 
site of palmitoylation of the GPCR. In addition, the one or more sites of 
phosphorylation, preferably one or more clusters of phosphorylation, may be 

15 approximately 20 to 55 (preferably 30 to 45) amino acid residues 

downstream of the NPXXY motif of the GPCR, GPCRs containing one or 
more sites of phosphorylation, preferably clusters of phosphorylation sites, 
properly positioned are typically Class B receptors. 
[00139] By way of example, it has been discovered that the V2R receptor 

20 comprises a cluster of phosphorylation sites (SSS) that promotes formation 
of a stable GPCR/arrestin complex at 19 amino acid residues downstream 
of the putative site of palmitoylation and 36 amino acid residues 
downstream of the NPXXY motif. The NTR-2 receptor comprises a cluster 
of phosphorylation sites (STS) that promotes formation of a stable 

25 GPCR/arrestin complex at 26 amino acid residues downstream of the 

putative site of palmitoylation and 45 amino acid residues downstream of 
the NPXXY motif. The oxytocin receptor (OTR) receptor comprises two 
clusters of phosphorylation sites (SSLST and STLS) that promote formation 
of a stable GPCR/anrestin complex, one at 20 amino acid residues 

30 downstream of the putative site of palmitoylation and the other at 29 amino 
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acid residues downstream of the putative site of palmitoylation, and one at 
38 amino acid residues downstream of the NPXXY motif and the other at 47 
amino acid residues downstream of the NPXXY motif, respectively. The 
substance P receptor (SPR, also known as the neurokinin-1 receptor) 
5 comprises a cluster of phosphorylation sites (TTIST) that promotes 

fomnation of a stable GPCR/arrestin complex at 32 amino acid residues 
downstream of the putative site of palmitoylation and 50 amino acid 
residues downstream of the NPXXY motif. 

[00140] The present inventors have detennined that GPCRs that lack one 
10 or more sites of phosphorylation, preferably clusters of phosphorylation, 
properly positioned within the carboxyl temninal tail form GPCR/arrestin 
complexes that are less stable and dissociate at or near the plasma 
membrane. These GPCRs are typically Class A receptors, olfactory 
receptors, taste receptors, and the like. However, the present inventors 
15 have discovered that stable GPCR/arrestin complexes may be achieved 
with GPCRs naturally lacking one or more sites of phosphorylation and 
having a lower affinity for arrestin by modifying the carboxyl-terminal tails of 
these receptors. Preferably, the carboxyl-terminal tails are modified to 
include one or more sites of phosphorylation, preferably one or more 
20 clusters of phosphorylation sites, properly positioned within the carboxyl 
terminal tail. 

[00141] The present invention includes the polypeptide sequences of 
these modified GPCRs. The modified GPCRs of the present invention 
include GPCRs that have been modified to have one or more sites of 

25 phosphorylation, preferably one or more clusters of phosphorylation, 
properly positioned in their carboxyl terminal tails. The polypeptide 
sequences of the modified GPCRs of the present invention also include 
sequences having one or more additions, deletions, substitutions, or 
mutations. These mutations are preferably substitution mutations made in a 

30 conservative manner (i.e., by changing the codon from an amino acid 

-41/52 



wo 03/097795 PCTAJS03/14581 



-33- 

belonging to a grouping of amino acids having a particular size or 
characteristic to an amino acid belonging to the same grouping). Such a 
conservative change generally leads to less change in the structure and 
function of the resulting protein. The present invention should be 
S considered to include sequences containing conservative changes which do 
not significantly alter the activity or binding characteristics of the resulting 
protein. 

[00142] The modified GPCRs of the present invention include GPCRs 
containing a NPXXY motif, a putative site of palmitoylation approximately 10 

10 to 25 amino acid residues (preferably 15 to 20 amino acids) downstream of 
the NPXXY motif, and a modified cariaoxyl-temiinal tail. The modified 
carboxyi-tenninal tail has one or more sites of phosphorylation, preferably 
one or more clusters of phosphorylation sites, such that the phosphorylation 
sites are approximately 15 to 35. preferably 15 to 25, amino acid residues 

15 downstream of the putative site of palmitoylation of the modified GPCR. 
The modified carboxyl-temninal tail may have one or more sites of 
phosphorylation, preferably one or more clusters of phosphorylation sites, 
such that the phosphorylation sites are approximately 20 to 55, preferably 
30 to 45. amino acid residues downstream of the NPXXY of the modified 

20 GPCR. 

[00143] The present invention further includes isolated nucleic acid 
molecules that encode modified GPCRs. It should be appreciated that also 
within the scope of the present invention are DNA sequences encoding 
modified GPCRs which code for a modified GPCR having the same amino 
25 acid sequence as the modified GPCRs, but which are degenerate. By 
"degenerate to" it is meant that a different three-letter codon is used to 
specify a particular amino acid. 

[00144] As one of skill in the art would readily understand, the carboxyl-tail 
of many GPCRs may be identified by the conserved NPXXY motif that 
30 marks the end of the seventh transmembrane domain. 
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[00145] To create a modified GPCR containing a modified 
carboxyl-tenninus region according to the present invention, a GPCR 
lacking phospliorylation sites or clusters of phosphorylation sites or with a 
lower or unknown affinity for an-estin may have one or more additions, 

S substitutions, deletions, or mutations of amino acid residues in its 

carboxyl-terminal tail. These additions, substitutions, deletions, or mutations 
are performed such that the carboxyl-terminal tail is modified to comprise 
one or more sites of phosphorylation, preferably clusters of phosphorylation 
sites. By way of example, discrete point mutations of the amino acid 

10 residues may be made to provide a modified GPCR. By way of example 
three consecutive amino acids may be mutated to serine residues to provide 
a modified GPCR. These mutations are made such that the one or more 
sites of phosphorylation, preferably dusters of phosphorylation sites, are 
properly positioned within the carboxyl terminal tail. 

15 [00146] In addition, to create a modified GPCR containing a modified 
carboxyl-terminal tail region, mutations may be made in a nucleic acid 
sequence of a GPCR lacking sites of phosphorylation or clusters of 
phosphorylation sites or with a lower or unknown affinity for arresfin such 
that a particular codon is changed to a codon which codes for a different 

20 amino acid, preferably a serine or threonine. Such a mutation is generally 
made by making the fewest nucleotide changes possible. A substitution 
mutation of this sort can be made to change an amino acid in the resulting 
protein to create one or more sites of phosphorylation, preferably clusters of 
phosphorylation sites. Also by way of example, discrete point mutations of 

25 the nucleic acid sequence may be made. The phosphorylation sites are 
positioned such that they are located approximately 15 to 35 amino acid 
residues downstream of the putative site of palmitoylation of the modified 
GPCR. 

[00147] Furthemnore, to provide modified GPCRs of the present Invention, 
30 a GPCR lacking properiy positioned phosphorylation sites or with a lower or 
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unknown affinity for arrestin may also have its carboxyl-terminal tail, in 
whole or in part, exchanged with that of a GPCR having properly positioned 
clusters of phosphorylation sites. The site of exchange may be after or 
including the conserved NPXXY motif. As an alternative, a putative site of 

5 palmitoylation of a GPCR may be identified at approximately 10 to 25 
(preferably 15 to 20) amino acid residues downstream of the conserved 
NPXXY motif, and the site of exchange may be after or including the 
palmitoylated cysteine(s). Preferably, the carboxyl-temninal tail of a GPCR 
lacking properly positioned clusters of phosphorylation sites or with a lower 

10 or unknown affinity for arrestin is exchanged at an amino acid residue in 
close proximity to a putative site a palmitoylation. More preferably, the 
carboxyl-terminal tail of a GPCR lacking properly positioned clusters of 
phosphorylation sites or with a lower or unknown affinity for arrestin is 
exchanged at a putative site of palmitoylation approximately 10 to 25 

15 (preferably 1 5 to 20) amino acid residues downstream of the NPXXY motif, 
such that the palmitoylated cysteine residue is maintained. Exchanging in 
the preferred manner allows the clusters of phosphorylation sites to be 
reliably positioned properly within the carboxyl-temiinal tail of the modified 
GPCR. The tails may be exchanged and the modified GPCRs may be 

20 constructed accordingly by manipulation of the nucleic acid sequence or the 
corresponding amino acid sequence. 

[00148] In a further alternative, the carboxyl-tail of a GPCR, for example a 
GPCR not containing the NPXXY motif, may be predicted from a 
hydrophobicity plot and the site of exchange may be selected accordingly. 

25 Based on a hydrophobicity plot, one of skill in the art may predict a site 

where it is expected that the GPCR may anchor in the membrane and then 
predict where to introduce a putative site of palmitoylation accordingly. 
Using this technique GPCRs having neither a NPXXY motif nor a putative 
site of palmitoylation may be modified to create a point of reference (e.g. a 

30 putative site of palmitoylation). The introduced putative site of palmitoylation 
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may then be used to position a tail exchange. 

[00149] The carboxyl-temninal tail used for the exchange may be from a 
second GPCR having one or more properly positioned clusters of 
phosphorylation sites and having a putative site of palmitoylation 

5 approximately 10 to 25 (preferably 15 to 20) amino acid residues 

downstream of a NPXXY motif. The tail as identified may be exchanged, 
after or including the conserved NPXXY motif. As an alternative, a putative 
site of palmitoylation of a GPCR may be identified at approximately 10 to 25 
(preferably 15 to 20) amino acid residues downstream of the conserved 

10 NPXXY motif, and the tail may be exchanged after or including the 

palmitoylated cysteine(s). Preferably, the carboxyl-terminal tail of a GPCR 
having clusters of phosphorylation sites is exchanged at an amino acid 
residue in close proximity to a putative site of palmitoylation. More 
preferably, the carboxyl-temninal tail of a GPCR having clusters of 

IS phosphorylation sites is exchanged at a putative site of palmitoylation 
approximately 10 to 25 (preferably 15 to 20) amino acid residues 
downstream of the NPXXY motif, such that the portion of the 
carboxyl-terminal tail containing the clusters of phosphorylation sites begins 
at the amino acid residue immediately downstream of the palmitoylated 

20 cysteine residue. Exchanging in the preferred manner allows the clusters of 
phosphorylation sites to be reliably positioned properly within the 
carboxyl-terminal tail of the modified GPCR. The carboxyl-terminal tail 
having clusters of phosphorylation sites used for the exchange may have a 
detectable molecule conjugated to the carboxyl-terminus. The tails may be 

25 exchanged and the modified GPCRs may be constructed accordingly by 
manipulation of the nucleic acid sequence or the corresponding amino acid 
sequence. 

[001 50] In addition, the carboxyl-terminal tail portion used for the 
exchange may originate from a polypeptide synthesized to have an amino 
30 acid sequence con^esponding to an amino acid sequence from a GPCR 



-37/52 



wo 03/097795 



PCTAJS03/14581 



-37- 

having one or more sites of phosphorylation, preferably one or more clusters 
of phosphorylation sites. The synthesized polypeptide may have a putative 
site of palmitoylation approximately 10 to 25 (preferably 15 to 20) amino 
acid residues downstream of a NPXXY motif. The synthesized polypeptide 
5 may have one or more additions, substitutions, mutations, or deletions of 
amino acid residues that does not affect or alter the overall structure and 
function of the polypeptide. 

[00151] Furthermore, the carboxyl-terminal tail portion used for the 
exchange may originate from a naturally occumng polypeptide recognized 

10 to have an amino acid sequence conresponding to an amino acid sequence 
from a GPCR having one or more clusters of phosphorylation sites. The 
polypeptide may have a putative site of palmitoylation approximately 10 to 
25 (preferably 15 to 20) amino acid residues downstream of a NPXXY motif. 
The polypeptide may have one or more additions, substitutions, mutations, 

15 or deletions of amino acid residues that does not affect or alter the overall 
structure and function of the polypeptide. 

[00152] A modified GPCR containing a modified carboxyl-terminus region 
may be created by fusing a first carboxyl-terminal tail portion of a GPCR 
lacking properly positioned clusters of phosphorylation sites or with a lower 

20 or unknown affinity for an^estin with a second carboxyl-temiinal tail portion of 
a GPCR or polypeptide having one or more clusters of phosphorylation 
sites. The second GPCR or polypeptide used for the exchange may have a 
putative site of palmitoylation approximately 10 to 25 (preferably 15 to 20) 
amino acid residues downstream of a NPXXY motif. Accordingly, the 

25 modified carboxyl-terminus region of the modified GPCR comprises a 

portion of a cartDOxyl-tenninal tail from a GPCR lacking properly positioned 
clusters of phosphorylation sites or with a lower or unknown affinity for 
arrestin fused to a portion of a carboxyl-terminal tail of a GPCR or 
polypeptide having clusters of phosphorylation sites. The tail of a GPCR 

30 lacking properly positioned clusters of phosphorylation sites may be 
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exchanged after or including the conserved NPXXY motif, and fused to a 
carboxyl-terminal tail containing clusters of phosphorylation sites, after or 
including the conserved NPXXY motif. As an alternative, the tail of a GPCR 
lacking properly positioned clusters of phosphorylation sites may be 

5 exchanged after or including the palmitoylated cysteine(s), and fused to a 
tail containing clusters of phosphorylation sites, after or including the 
palmitoylated cysteine(s). The tails may be exchanged and the modified 
GPCRs may be constructed accordingly by manipulation of the nucleic acid 
sequence or the corresponding amino acid sequence. 

10 [00153] In a further alternative, the carboxyl-tail of a GPCR, for example a 
GPCR not containing the NPXXY motif, may be predicted from a 
hydrophobicity plot and exchanged accordingly. The site of exchange may 
be selected according to the hydrophobicity plot. Based on a hydrophobicity 
plot, one of skill in the art may predict a site where it is expected that the 

15 GPCR may anchor in the membrane and then predict where to introduce a 
putative site of palmitoylation accordingly. Using this techique GPCRs 
having neither a NPXXY motif nor a putative site of palmitoylation may be 
modified to create a point of reference (e.g. a putative site of palmitoylation). 
The introduced putative site of palmitoylation may be then used to position a 

20 tail exchange. After introduction of a putative site of palmitoylation, the 
resulting tail nnay be fused with a second carboxyl-terminal tail portion of a 
GPCR or polypeptide having one or more clusters of phosphorylation sites 
and having a putative site of palmitoylation approximately 10 to 25 
(preferably 15 to 20) amino acid residues downstream of a NPXXY motif. 

25 [00154] Preferably, the modified carboxyl-terminus region of the modified 
GPCR is fused at amino acid residues in close proximity to a putative site of 
palmitoylation. More preferably, the modified carboxyl-terminus region of the 
modified GPCR is fused such that the portion from the first GPCR with a 
lower affinity for arrestin comprises amino acid residues from the NPXXY 

30 motif through a putative site of palmitoylation approximately 10 to 25 
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(preferably 15 to 20) amino acid residues downstream of tlie NPXXY motif 
and the portion from the second GPCR having clusters of phosphorylation 
sites and a putative site of palmitoylation approximately 10 to 25 (preferably 
1 5 to 20) amino acid residues downstream of a NPXXY motif comprises 

S amino acid residues beginning with an amino acid residue immediately 
downstream of the putative site of palmitoylation of the second GPCR 
extending to the end of the carboxyl-terminus. This fusion is preferred 
because the clusters of phosphorylation sites are reliably positioned 
property within the carboxyl-temninal tail and the modified GPCR maintains 

10 its structure and ability to functbn. 

[001 55] By way of example, a Class A receptor or an orphan receptor may 
have a portion of its carboxyl-terminal tail exchanged with a portion of a 
carboxyl-temiinal tail from a known Class B receptor. Further, receptors 
having virtually non-existent carboxyl-termlnal tails, for example, olfactory 

15 receptors and taste receptors, may have a portion of their carboxyl-terminal 
tails exchanged with a portion of a carboxyl-terminal tail from a known Class 
B receptor. The Class B receptor tail used for these exchanges may have a 
detectable molecule fused to the carboxyl-terminus. 
[00156] Modified GPCRs may be generated by molecular biological 

20 techniques standard in the genetic engineering art, including but not limited 
to, polymerase chain reaction (PCR), restriction enzymes, expression 
vectors, plasmids, and the like. Byway of example, vectors, such as a 
pEArrB (enhanced arrestin binding), may be designed to enhance the 
affinity of a GPCR lacking clusters of phosphorylation sites for arrestin. To 

25 form a vector, such as a pEArrB vector, PCR amplified DNA fragments of a 
GPCR carboxyl-tenninus, which fonns stable complexes with arrestin, may 
be digested by appropriate restriction enzymes and cloned into a plasmid. 
A schematic of one such plasmid is illustrated in Figure 4A. The DNA of a 
GPCR, which is to be modified, may also be PCR amplified, digested by 

30 restriction enzymes at an appropriate location, and subcloned into the 
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vector. such as pEArrB, as illustrated in Figure 4B. When expressed, the 
modified GPCR will contain a polypeptide fused to the carboxyl-terminus. 
The polypeptide will comprise clusters of phosphorylation sites. Preferably, 
the polypeptide originates from the GPCR carboxyl-terminus of a receptor 

5 that forms stable complexes with an-estin. 

[00157] Such modified GPCRs may also occur naturally as the result of 
aben-ant gene splicing or single nucleotide polymorphisms. Such naturally 
occurring modified GPCRs would be predicted to have modified endocytic 
targeting. These naturally occuning modified GPCRs may be implicated in 

10 a number of GPCR-related disease states. 

[00158] As shown in Figure 3, the present inventors modified several 
GPCRs. The p2-adrenergic receptor, dopamine D1A receptor, mu opiod 
receptor, orphan GPR3, orphan GPR6. orphan GPR12. orphan GPR7, 
orphan GPRS, orphan GPR55, orphan SREB2, and orphan SREB3 were 

15 modified as described herein. These modified GPCRs contain a property 
positioned V2R cluster of phosphorylation sites (SSS) within the modified 
GPCR's tail. 

[00159] As may be shown by standard receptor binding assays, the 
modified receptoi^ are essentially Indistinguishable from their wild-type 

20 counterparts except for an increased affinity for arrestin and thus an 

increased stability of their complex with arrestin and in their ability to traffic 
with arrestin and In their ability to recycle and resensitize. For example, the 
modified receptors are appropriately expressed at the membrane and 
possess similar affinity for agonists or ligands. However, the modified 

25 GPCRs have an increased affinity for arrestin and thus fomri a more stable 
complex with arrestin than their wild-type counterparts and may remain 
bound to arrestin when trafficking to endosomes. 
[00160] These modified GPCRs are useful in assays to screen for an 
agonist of the GPCR, as well as in agonist-independent assays to identify 

30 compounds that alter GPCR desensitization. 
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Methods of Assayi ng GPCR Activity using the Modified GPCRs 
[00161] The modified GPCRs of the present invention are useful in 
methods of assaying GPCR activity. The modified GPCRs of the present 
invention may be used in assays to study GPCRs that have weaker than 
5 desired interactions or associations with arrestins and GPCRs that have 
unknown interactions or associations with arrestins. Methods of the present 
invention that use the modified GPCRs provide a sensitive assay and may 
provide for enhanced detection, for example, of arrestin/GPCRs in 
endosomes. The assays using the modified GPCRs of the present 

10 invention may be useful for screening compounds and sample solutions for 
ligands, agonists, antagonists, inverse agonists, desensitization active 
compounds, and the like. Once identified, these compounds may be useful 
as drugs capable of modulating GPCR activity and useful in the treatment of 
one or more of the disease states in which GPCRs have been implicated. 

15 [00162] In a preferred assay according to the present invention, cells are 
provided that express modified GPCRs of the present invention and these 
cells may further contain a conjugate of an arrestin and a detectable 
molecule. 

[00163] Arrestin coupled to a detectable molecule may be detected and 
20 monitored as it functions in the GPCR pathway. The location of the arrestin 
may be detected, for example, evenly distributed in the cell cytoplasm, 
concentrated at a cell membrane, concentrated in clathrin-coated pits, 
localized on endosomes, and the like. In response to agonist stimulation, 
the proximity of arrestin to a GPCR may be monitored, as well as the 
25 proximity to any other cell structure. For example, in response to agonist 
stimulation arrestin may be detected in proximity to GPCRs at a cell 
membrane, concentrated with GPCRs in clathrin-coated pits, colocalized 
with a GPCR on endosomes, and the like. 

[00164] The modified GPCRs of the present invention have an increased 
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affinity for arrestin and provide a stable complex of the GPCR with arrestin, 
and thereby promote colocalization of the GPCR with arrestin into 
endosomes. In the methods of assaying of the present invention, an-estin 
may be detected, for example, in the cytoplasm, concentrated In proximity to 
5 GPCRs at a cell membrane, concentrated in proximity to GPCRs in 

clathrin-coated pits, colocalized with a GPCR on endosomes, and the like. 
Preferably the arrestin may be detected colocalized with a GPCR on 
endosomes. 

[00165] The association of arrestin with a GPCR at a cell membrane may 

10 be rapidly detected after agonist addition, for example, approximately 1 
second to 2 minutes. The colocalization of arrestin with GPCR on 
endosomes may be detected within several minutes of agonist addition, for 
example, approximately 3 to 15 minutes, and may persist for extended 
periods of time, for example, after 1 hour. The association of arrestin with 

15 GPCR on endosomes may give a strong, readily recognizable signal. Under 
magnification of 40X objective lens, the signal may be doughnut-like in 
appearance. The signal resulting from the compartmentalization of arrestin 
and GPCR colocalized in endosomes vesicles Is typically easy to detect and 
may persist for extended periods of time. 

20 [00166] A preferred method of assessing GPCR pathway activity of the 
present invention comprises (a) providing a cell that expresses at least one 
modified GPCR of the present invention and that further comprises a 
conjugate of an arrestin and a detectable molecule; (b) inducing 
translocation of the arrestin; and (c) detecting interaction of the arrestin with 

25 the modified GPCR along the translocation pathway. 

[00167] Interaction of the arrestin with the modified GPCR may be 
detected, for example, in endosomes, in clathrin-coated pits, concentrated in 
proximity to a cell membrane, and the like. Preferably, interaction of the 
arrestin with the modified GPCR is detected in endosomes. Interaction of 

30 arestin with a GPCR in endosomes may be detected within several minutes 
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of agonist addition, for example, approximately 3 to 15 minutes, and may 
persist for extended periods of time, for example, after 1 hour. The 
association of an-estin with a GPCR in endosomes may give a strong, 
readily recognizable signal that persists for extended periods of time. 

5 [001 68] In a method of screening compounds for GPCR activity of the 
present invention a cell that expresses at least one modified GPCR is 
provided. The cell further contains arrestin conjugated to a detectable 
molecule. The cell is exposed to the compounds to be tested. The location 
of the arrestin within the cell is detected. The location of the arestin within 

10 the cell in the presence of the compound is compared to the location of the 
an-estin within the cell in the absence of the compound, and a difference is 
correlated between (1) the location of the arrestin within the cell in the 
presence of the compound and (2) the location of the arrestin within the cell 
in the absence of the compound. 

15 [00169] By way of example, compounds and sample solutions may be 
screened for GPCR agonist activity using the modified GPCRs of the 
present invention. In this method, cells that express at least one modified 
GPCR of the present invention and that further comprise a conjugate of an 
arrestin and a detectable molecule are provided. The cells are exposed to 

20 compounds or sample solutions to be tested. It is detected whether 
interaction of the arrestin with the modified GPCR is increased after 
exposure to the test compound or solution, an increase in interaction being 
an indication that the compound or solution has GPCR agonist activity. 
Interaction of the an-estin with the GPCR may be detected in endosomes, in 

25 clathrin-coated pits, in proximity to a cell membrane, and the like. The 
modified GPCR may also be conjugated to a detectable molecule, 
preferably at the carboxyl-terminus. As explained above modifications to 
GPCRs as in the present invention should not affect the GPCRs' natural 
affinity for agonists or ligands. 

30 [00170] Also by way of example, compounds and sample solutions may 
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be screened for GPCR antagonist or inverse agonist activity using tlie 
modified GPCRs of the present invention. Cells that express at least one 
modified GPCR of the present invention and that further comprise a 
conjugate of an arrestin and a detectable molecule are provided. The cells 

S are exposed to compounds or sample solutions to be tested and to a known 
agonist for the GPCR. It is detected whether interaction of the an-estin with 
the modified GPCR is decreased after exposure to the test compound or 
solution, a decrease in interaction being an indication that the compound or 
solution has GPCR antagonist or inverse agonist activity. Interaction of the 

10 arrestin with the GPCR may be detected in endosomes, in clathrin-coated 
pits, in proximity to a cell membrane, and the like. The modified GPCR may 
also be conjugated to a detectable molecule, preferably at the 
carboxyl-terminus. As explained above modifications to GPCRs as in the 
present invention should not affect the GPCRs' natural affinity for 

15 antagonists or inverse agonists. 

[00171] Further by way of example, compounds and sample solutions may 
be screened for GPCR desensitization activity using the modified GPCRs of 
the present invention. First cells that express at least one first modified 
GPCR of the present invention and that further comprise a conjugate of an 

20 arrestin and a detectable molecule are provided. The first cells are exposed 
to compounds or sample solutions to be tested and to a known agonist for 
the first GPCR. It is detected whether interaction of the arrestin with the first 
modified GPCR is decreased or not increased after exposure to the test 
compound or solution, a decrease or lack of increase in interaction being an 

25 indication that the compound or solution has GPCR desensitization activity. 
Interaction of the arrestin with the GPCR may be detected in endosomes, in 
clathrin-coated pits, in proximity to a cell membrane, and the like. Then 
second cells that express at least one second modified GPCR of the present 
invention and that further comprise a conjugate of an an^estin and a 

30 detectable molecule are provided. The second modified GPCR is not 
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related to the first modified GPCR. The second cells are exposed to the 
compounds or sample solutions to be tested and to a known agonist for the 
second GPCR. It is detected whether interaction of the arrestin with the 
second modified GPCR is decreased or not increased after exposure to the 
5 test compound or solution, a decrease or lack of increase in interaction 

being an indication that the compound or solution has GPCR desensitization 
activity independent of the GPCR expressed. Interaction of the arrestin with 
the GPCR may be detected in endosomes, in clathrin-coated pits, in 
proximity to a cell membrane, and the like. 

10 [001 72] The methods of assessing GPCR pathway activity of the present 
invention also include cell-free assays. In cell-free assays of the present 
invention, a substrate having deposited thereon a modified GPCR of the 
present invention is provided. A fluid containing a conjugate of an arrestin 
and a detectable molecule is also provided. Translocation of the anrestin is 

15 induced and interaction of the arrestin with the GPCR is detected. The 
GPCR and arrestin may be obtained from whole cells and used in the 
cell-free assay after purification. The modified GPCR has arrestin binding 
sites and agonist binding sites and may be supported in a multilayer or 
bilayer lipid vesicle. The vesicle supporting the modified GPCR may be 

20 deposited on the substrate, and the modified GPCR may be supported in 
the lipid vesicle and deposited on the substrate such that the anrestin 
binding sites are exposed to an^estin and the receptor binding sites are 
accessible to agonists. The substrate may be any artificial substrate on 
which the GPCR may be deposited, including but not limited to, glass, 

25 plastic, diamond, ceramic, semiconductor, silica, fiber optic, diamond, 

biocompatible monomer, biocompatible polymer, polymer beads (including 
organic and inorganic polymers), and the like. 
[00173] The present invention relates to the compounds identified as 
ligands, agonists, antagonists, inverse agonists, or DACs by the methods of 

30 assaying of the present invention. These compounds may be used to treat 
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. any one of the disease states in which GPCRs have been implicated. The 
compounds identified may be administered to a human or a non-human in 
therapeutically effective doses to treat or ameliorate a condition, disorder, or 
disease in which GPCRs have been implicated. A therapeutically effective 
5 dose refers to that amount of the compound sufficient to result in 
amelioration of symptoms of such a condition, disorder or disease. 

Methods to identify co mpounds that modulate GPCR desensitization 
[00174] The present invention relates to methods of screening for 
compounds that modulate GPCR desensitization. The methods utilize 

10 modified GRKs which constitutively phosphorylate GPCRs, resulting in 

constitutive desensitization. These may be used to identify compounds that 
alter the desensitization of GPCRs, even if the GPCR agonist is unknown. 
Once identified, these compounds may be useful as drugs capable of 
modulating GPCR activity and useful in the treatment of one or more of the 

15 disease states in which GPCRs have been implicated. 

[00175] In a preferred method according to the present invention, cells are 
provided that contain an expression system and a nucleic acid encoding a 
modified GRK, resulting in constitutive desensitization of GPCRs expressed 
in the cell. These cells may further contain an an^estin conjugated to a GFP. 

20 ^ [00176] A preferred method of identifying a compound which inhibits 
GPCR internalization includes: (a) providing a cell including a GPCR, an 
arrestin. and a modified GRK; (b) exposing the cell to the compound(s); (c) 
determining the cellular distribution of the GPCR or arrestin; and (d) 
correlating a difference between (1)the location of the labeled molecule in 

25 the cell in the presence of the compound(s) and (2) the location of the 
labeled molecule in the cell in the absence of the compound(s) to 
modulation of GPCR internalization. Non-limiting embodiments of this 
method are described in Figures 4, 5, 6, and 7 and Examples 2, 3, 4, 5, 6, 
and 7. 
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[00177] The GRK of step (a), as described above, may be GRK 1 , 2, 3, 4, 
5, 6, or any other GRK, including splice variants, biologically active 
fragments, or modified GRKs. The GRK may be overexpressed and/or its 
expression may be Inducible. The GRK may include a CAAX motif. 

5 [00178] In the above method, agonist may or may not be provided. 

[00179] Methods of detecting the labeled molecules and determining the 
cellular distribution of the GPCR or aaestin are described below. 
[00180] GPCRs useful in the present invention include, but are not limited 
to GPCRs which have known agonists, GPCRs which do not have known 

10 agonists, GPCRs listed in Figure 1 , GPCRs illustrated in Figures 3. 4, 5, 6, 
and 7, Class A GPCRs, Class B GPCRs, taste receptors, odorant receptors, 
orphan receptors, modified GPCRs, GPCRs as described in U.S. Patent 
Application Nos. 10/054.616, 09/993.844. 10/095,620, 10/101.235. 
09/631.468. 10/141.725. 10/161.916, 09/469.554, 09/772.644. 60/393,789. 

15 and 60/379,986, which are herein incorporated by reference, or biologically 
active fragments of the above GPCRs. 

Vectors and nucleic Bcld&, host cells for protein expression 

[00181] The present invention relates to modified GRKs, including GRKs 

which are over-expressed, or their expression Is inducible. 

20 [00182] Nucleic acids encoding modified GRKs are provided. The present 
invention relates to the expression, over-expression, and the inducible 
expression of these proteins. The expression may be carried out by a 
suitable expression system contained in a vector, as described below. 
[00183] One aspect of the present invention relates to the combination of 

25 (1 ) nucleic acids encoding a modified GRK with (2) a system for expression 
of modified GRKs resulting in constitutive desensitization of GPCRs. This 
system for expression of modified GRKs may include a promoter or origin of 
replication. 

[001 84] Another aspect of the present invention relates to modified 
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GPCRs, nucleic acids encoding modified GPCRs, and host cell for modified 
GPCR expression. 

[00185] Nucleic acids encoding modified GPCRs are provided. The 
present invention relates to the expression, over-expression, and the 
S inducible expression of these proteins. The expression may be carried out 
by a suitable expression system contained in a vector, as described below. 
[001 86] A feature of this invention is the expression of the DNA 
sequences disclosed herein. As is well known in the art, DNA sequences 
may be expressed by operatively linking them to an expression control 

10 sequence In an appropriate expression vector and employing that 
expression vector to transform an appropriate unicellular host. The 
transfonning DNA may or may not be integrated (covalently linked) into 
chromosomal DNA making up the genome of the cell. 
[00187] Such operative linking of a DNA sequence of this invention to an 

15 expression control sequence, of course, includes, if not already part of the 
DNA sequence, the provision of an initiation codon, ATG, in the correct 
reading frame upstream of the DNA sequence. 

[00188] A wide variety of host/expression vector combinations may be 
employed in expressing the DNA sequences of this invention. Useful 

20 expression vectors, for example, may consist of segments of chromosomal, 
non-chromosomal and synthetic DNA sequences. Suitable vectors include 
derivatives of SV40 and known bacterial plasmids, e.g., E. coli plasmids col 
El, pCR1 , pBR322, pMB9 and their derivatives, plasmids such as RP4; 
phage DNAS, e.g.. the numerous derivatives of phage K e.g., NM989, and 

25 other phage DNA, e.g., M13 and filamentous single stranded phage DNA; 
yeast plasmids such as the 2m plasmid or derivatives thereof; vectors useful 
in eukaryotic cells, such as vectors useful in insect or mammalian cells; 
vectors derived from combinations of plasmids and phage DNAs, such as 
plasmids that have been modified to employ phage DNA or other expression 

30 control sequences; and the like. 
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[001 89] Any of a wide variety of expression control sequences - 
sequences that control the expression of a DNA sequence operatively linked 
to it - may be used in these vectors to express the DNA sequences of this 
invention. Such useful expression control sequences include, for example, 
5 the early or late promoters of SV40, CMV, vaccinia, polyoma or adenovirus, 
the lac system, the trp system, the TAG system, the TRC system, the LTR 
system, the major operator and promoter regions of phage X, the control 
regions of fd coat protein, the promoter for 3-phosphoglycerate kinase or 
other glycolytic enzymes, the promoters of acid phosphatase (e.g., Pho5), 

10 the promoters of the yeast a-mating factors, and other sequences known to 
control the expression of genes of prokaryotic or eukaryotic cells or their 
viruses, and various combinations thereof. 
[001 90] A wide variety of unicellular host cells are also useful in 
expressing the DNA sequences of this invention. These hosts may include 

15 well known eukaryotic and prokaryotic hosts, such as strains of £ co//, 
Pseudomonas, Bacillus, Streptomyces, fungi such as yeasts, plant cells, 
nematode cells, and animal cells, such as HEK-293, U20S, CHO. RM, B-W 
and L-M cells, African Green Monkey kidney cells (e.g., COS 1, COS 7, 
BSC1, BSC40, and BMT10), insect cells (e.g., Sf9), and human cells and 

20 plant cells in tissue culture. In one aspect of the present invention, the host 
cells include a GRK-C20 and an arrestin. In a further aspect of the present 
invention, the host cells include a GRK-C20, an arrestin, and a GPCR. 
[00191] It will be understood that not all vectors, expression control 
sequences and hosts will function equally well to express the DNA 

25 sequences of this invention. Neither will all hosts function equally well with 
the same expression system. However, one skilled in the art will be able to 
select the proper vectors, expression control sequences, and hosts without 
undue experimentation to accomplish the desired expression without 
departing from the scope of this Invention. For example, in selecting a 

30 vector, the host must be considered because the vector must function in it. 
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The vector's copy number, the ability to control that copy number, and the 
expression of any other proteins encoded by the vector, such as antibiotic 
mariners, will also be considered. 

[00192] In selecting an expression control sequence, a variety of factors 
5 will normally be considered. These include, for example, the relative 
strength of the system, its controllability, and its compatibility with the 
particular DNA sequence or gene to be expressed, particularly as regards 
potential secondary stnjctures. Suitable unicellular hosts will be selected by 
consideration of, e.g., their compatibility with the chosen vector, their 
10 secretion characteristics, their ability to fold proteins correctly, and their 

fermentation requirements, as well as the toxicity to the host of the product 
encoded by the DNA sequences to be expressed, and the ease of 
purification of the expression products. 

[00193] Considering these and other factors a person skilled in the art will 
15 be able to construct a variety of vector/expression control sequence/host 
combinations that will express the DNA sequences of this invention on 
fermentation or in large scale animal culture. 

[00194] It is further intended that modified GRK analogs may be prepared 
from nucleotide sequences of the protein complex/subunit derived within the 

20 scope of the present invention. Analogs, such as fragments, may be 
produced, for example, by pepsin digestion of GRK material. Other 
analogs, such as muteins, can be produced by standard site-directed 
mutagenesis of GRK coding sequences. Analogs exhibiting "GRK activity*' 
such as small molecules, whether functioning as promoters or inhibitors, 

25 may be identified by known in vivo and/or in vitro assays. 

[00195] As mentioned above, a DNA sequence encoding a modified 
GRK6 can be prepared synthetically rather than cloned. The DNA 
sequence can be designed with the appropriate codons for the GRK amino 
acid sequence. In general, one will select preferred codons for the intended 

30 host if the sequence will be used for expression. The complete sequence is 
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assembled from overlapping oligonucleotides prepared by standard 
methods and assembled into a complete coding sequence. See, e.g., Edge, 
Nature, 292:756 (1981): Nambair et al., Science. 223:1299 (1984); Jay et 
a!., J. Biol. Chem.. 259:6311 (1984). 

5 [001 96] Synthetic DNA sequences allow convenient construction of genes 
which will express GRK analogs or "muteins". Alternatively, DNA encoding 
muteins can be made by site-directed mutagenesis of native or modified 
GRK genes or cDNAs, and muteins can be made directly using conventional 
polypeptide synthesis. 

10 [001 97] A general method for site-spedfic incorporation of unnatural 

amino acids into proteins is described in Christopher J. Noren, Spencer J. 
Anthony-Cahill, Michael C. Griffith, Peter G. Schultz. Science. 244:182-188 
(April 1989). This method may be used to create analogs with unnatural 
amino acids. 

. 15 [00198] Additional motifs, such as epitope tags or sequences to aid in 
purification, may be incorporated into the nucleic acids encoding the 
modified GRKs or modified GPCRs. Preferably, the nucleic acids encoding 
the motifs may be at the 5* or 3' end of the nucleic acid, resulting in the 
presence of the motif at the N or C temninus of the protein. 

20 The Conjugates 

[00199] The cells used in the methods of assaying of the present invention 
may comprise a conjugate of an arrestin protein and a detectable molecule. 
In the cells and methods of the present invention, the cells may also 
comprise a conjugate of a modified GPCR of the present invention and a 

25 detectable molecule. 

[00200] All forms of arrestin, naturally occurring and engineered variants, 
including but not limited to, visual arrestin. cone an^estin, parrestin 1 and 
Parrestin 2, may be used in the present invention. The modified GPCRs of 
the present invention may interact to a detectable level with all fonms of 
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arrestin. 

[00201] Detectable molecules that may be used to conjugate with the 
arrestin Include, but are not limited to, molecules that are detectable by 
spectroscopic, photochemical, biochemical, immunochemical, electrical, 

5 radioactive, and optical means, including but not limited to bioluminescence, 
phosphorescence, and fluorescence. Detectable molecules include, but are 
not limited to, GFP, luciferase, P-galactosidase. rhodamine-conjugated 
antibody, and the like. Detectable molecules include radioisotopes, epitope 
tags, affinity labels, enzymes, fluorescent groups, chemiluminescent groups. 

10 and the like. Detectable molecules include molecules which are directly or 
indirectly detected as a function of their interaction with other molecule(s). 
These detectable molecules should be a biologically compatible molecule 
and should not compromise the ability of the arrestin to interact with the 
GPCR system and the interaction of the arrestin with the GPCR system 

15 must not compromise the ability of the detectable molecule to be detected. 
Preferred detectable molecules are optically detectable molecules, Including 
optically detectable proteins, such that they may be excited chemically, 
mechanically, electrically, or radioactively to emit fluorescence, 
phosphorescence, or bioluminescence. More preferred detectable 

20 molecules are inherently fluorescent molecules, such as fluorescent 

proteins, including, for example. Green Fluorescent Protein (GFP). The 
detectable molecule may be conjugated to the anrestin protein by methods 
as described in Barak etal. (U.S. Patent Nos. 5,891.646 and 6.110.693). 
The detectable molecule may be conjugated to the arrestin at the front-end. 

25 at the back-end. or in the middle. 

[00202] The GPCR or biologically active fragments thereof may also be 
conjugated with a detectable molecule. Preferably, the carboxyl-terminus of 
the GPCR is conjugated with a detectable molecule. A carboxyl-terminal tail 
conjugated or attached to a detectable molecule can be used in a carboxyl- 

30 temninal tail exchange to provide the detectably labeled GPCR. 
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[00203] If the GPCR is conjugated with a detectable molecule, proximity of 
the GPCR with the arrestin may be readily detected. In addition, if the 
GPCR is conjugated with a detectable molecule, compartmentalization of 
the GPCR with the arrestin may be readily confirmed. The detectable 

5 molecule used to conjugate with the GPCRs may include those as 

described above, including, for example, optically detectable molecules, 
such that they may be excited chemically, mechanically, electrically, or 
radioactively to emit fluorescence, phosphorescence, or bioluminescence. 
Preferred optically detectable molecules may be detected by 

10 immunofluorescence, luminescence, fluorescence, and phosphorescence. 
[00204] For example, the GPCRs may be antibody labeled with an 
antibody conjugated to an Immunofluorescence molecule or the GPCRs 
may be conjugated with a luminescent donor. In particular, the GPCRs may 
be conjugated with, for example, luciferase, for example, Renilla luciferase, 

15 or a rhodamine-conjugated antibody, for example, rhodamine-conjugated 
anti-HA mouse monoclonal antibody. Preferably, the carboxyl-terminal tail 
of the GPCR may be conjugated with a luminescent donor, for example, 
luciferase. The GPCR, preferably the carboxyl-terminal tail, also may be 
conjugated with GFP as described in L. S. Barak et al. "Internal Trafficking 

20 and Surface Mobility of a Functionally Intact pj-Adrenergic Receptor-Green 
Fluorescent Protein Conjugate", MoL Pharm. (1997) 51 , 177 - 184. 

Cell Types and Substrates 

[00205] The cells of the present invention may express at least one 
modified GPCR of the present invention. The cells may further comprise a 
25 conjugate of an arrestin protein and a detectable molecule. Useful cells 
include eukaryotic and prokaryotic cells, including, but not limited to, 
bacterial cells, yeast cells, fungal cells, insect cells, nematode cells, plant 
cells, and animal cells. Suitable animal cells include, but are not limited to, 
HEK-293 cells, U20S cells, HeLa cells, COS cells, and various primary 
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mammalian cells. An animal model expressing a conjugate of an arrestin 
and a detectable molecule throughout Its tissues or within a particular organ 
or tissue type, may also be used. 

[00206] The cells of the present invention may express one modified 
5 protein that results In agonist-independent localization of GPCRs to 
endocytic vesicles or endosomes. 

[00207] A substrate may have deposited thereon a plurality of cells of the 
present invention. The substrate may be any suitable biologically substrate, 
including but not limited to. glass, plastic, ceramic, semiconductor, silica, 
10 fiber optic, diamond, biocompatible monomer, or biocompatible polymer 
materials. 

Methods of detection 

[00208] Methods of detecting the intracellular location of the detectably 
labeled arrestin, the intracellular location of a detectably labeled GPCR. or 

15 interaction of the detectably labeled arrestin, or other member of 

GPCR/arrestin complex with a GPCR or any other cell stnjcture, including 
for example, the concentration of arrestin or GPCR at a cell membrane, 
colocalization of anrestin with GPCR in endosomes, and concentration of 
anrestin or GPCR in clathrin-coated pits, and the like, will vary dependent 

20 upon the detectable molecule(s) used. 

[00209] One skilled in the art readily will be able to devise detection 
methods suitable for the detectable molecule(s) used. For optically 
detectable molecules, any optical method may be used where a change in 
the fluorescence, bioluminescence, or phosphorescence may be measured 

25 due to a redistribution or reorientation of emitted light. Such methods 
include, for example, polarization microscopy, BRET, FRET, evanescent 
wave excitation microscopy, and standard or confocal microscopy. 
[00210] In a preferred embodiment arrestin may be conjugated to GFP 
and the arrestin-GFP conjugate may be detected by confocal microscopy. 



-19/52 



wo 03/097795 



PCT/US03/14581 



-55- 

In another preferred embodiment, arrestin may conjugated to a GFP and the 
GPCR may be conjugated to an immunofluorescent molecule, and the 
conjugates may be detected by confocai microscopy. In an additional 
preferred embodiment, arrestin may conjugated to a GFP and the 
5 carboxy-terminus of the GPCR may be conjugated to a luciferase and the 
conjugates may be detected by bioluminescence resonance emission 
technology. In a further prefen^ed embodiment an^estin may be conjugated 
to a luciferase and GPCR may be conjugated to a GFP, and the conjugates 
may be detected by bioluminescence resonance emission technology. The 
10 methods of the present invention are directed to detecting GPCR activity. 
The methods of the present invention allow enhanced monitoring of the 
GPCR pathway in real time. 

[0021 1] In a prefenred embodiment, the localization pattern of the 
detectable molecule is determined. In a further prefenred embodiment, 

15 alterations of the localization pattern of the detectable molecule may be 

determined. The localization pattern may indicate cellular distribution of the 
detectable molecule. Certain methods of detection are described in 
U.S.S.N. 10/095,620, filed March 12, 2002. which claims priority to U.S. 
Provisional Patent Application No: 60/275,339, filed March 13, 2001, the 

20 contents of which are incorporated by reference in their entirety. 

[00212] Molecules may also be detected by their Interaction with another 
detectably labeled molecule, such as an antibody. 

[0021 3] In a further embodiment of this invention, commercial test kits 
25 including an assay system for screening potential daigs effective to 

modulate the activity of the GPCR may be prepared. The test kits may 
include cells, nucleic acids, or proteins described herein. The test kits may 
be used to carry out any of the methods described herein. A GPCR of 
interest may be introduced into host cells of the test kit. The test kit may be 
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useful for determining if the GPCR is expressed at the plasma membrane, If 
the phosphorylated or unphosphorylated GPCR binds an^estin, or if the 
phosphorylated or unphosphorylated GPCR is intemalized. The test kit may 
be useful for the identification of compounds that alter the desensitization of 

5 the GPCR of interest. 

[00214] The GPCR may be introduced into a test system, and the 
prospective drug may also be introduced into the resulting cell culture, and 
the culture thereafter examined to obsen/e any changes in the GPCR 
activity (e.g., signaling, recycling, afflnity for arrestin, and the like) in the 

10 cells. 

[00215] The following examples are presented in order to more fully 
illustrate the preferred embodiments of the invention. They should in no 
way be construed, however, as limiting the broad scope of the invention. 

EXAMPLES 

IS Example 1 

Experimental Procedures 
[00216] The present inventors subcloned the Bovine GRK2-C20 cDNA 
(Inglese et al., Nature 1992) into the expression vector pcDNA3.1zeo+ 
(Invitrogen). Expression of this cDNA produces GRK2 with a CAAX motif 

20 (where C is cysteine, A is a small aliphatic residue, and X is an uncharged 
amino acid) added to the carboxyl terminus. The specific CAAX motif added 
to the end of GRK2, CVLL, directs the geranylgeranylation (C20 
isoprenylation) of this protein. The enzyme-directed covalent attachment of 
the 20 carbon geranylgeranyl lipid group to the carboxyl terminus of GRK2 

25 allows it to be localized at the plasma membrane (Inglese et al., Nature 
1992). 

[00217] Cell Culture 

[00218] Human embryonic kidney (HEK-293) cells were purchased from 
the American Type Culture Collection (ATCC) and grown in Eagle's 
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minimum essential medium (ElVIEM) supplemented with 10% (v/v) 
heat-inactivated fetal calf serum and gentamicin (100 pg/ml). HEK-293 cells 
stably expressing arrestin-GFP (HEK293-ArrGFP) were generated by 
standard procedures using G418 selection (0.4 mg/mi). HEK-2g3 cells were 
5 transiently transfected with arrestin-GFP, the GPCR of interest, and 

GRK2-C20. For control experiments performed in parallel, HEK-293 cells 
were transiently transfected with arrestin-GFP, the GPCR of interest, and no 
GRK2-C20. HEK293 cells were transiently transfected with arrestin-GFP, 
the GPCR of interest and GRK2-C20. For control experiments performed in 

10 parallel, the HEK293 cells were transiently transfected with arrestin-GFP 
were transiently transfected with the GPCR of interest and no GRK2-C20. 
All transfections were perfomned by the calcium phosphate coprecipitation 
method as previously described (Oakley et al., 1999). Following the 
transfection, cells were maintained in the culture medium (EMEM 

15 supplemented with 10% FCS and 10 ug/ml gentamycin) for approximately 
24 hours. The cells were then plated on 35 mm glass bottom dishes 
(MatTek) and incubated for an additional 16-24 hours. Transfected GPCRs 
included both known GPCRs (receptors for which the natural ligand is know) 
and orphan GPCRs (receptors for which the natural ligand has not yet been 

20 identified). 

[00219] ConfQcal Microscopy 

[00220] Transfected HEK-293 cells were plated on 35 mm glass bottom 
dishes (MatTek) and cultured overnight. The next day, the medium was 
removed and replaced with serum-free medium supplemented with 10 mM 
25 HEPES for an additional 1 hour incubation at 37 ""C. The distribution of 
arrestin-GFP was then assessed using a Zeiss laser scanning confocal 
microscope (LSM 5 Pascal). Images were acquired with a 63x oil objective 
from live cells using single line excitation (488 nm) and a LP505 emission 
filter. 
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Example 2 

Agonist-Independent desensitization of known GPCRs upon 
expression of a modified GRK 

[00221] The present inventors determined that overexpression of the 
5 GRK2-C20, which is expressed at the plasma membrane (Inglese et al., 
Nature 1992), in a cell line expressing arrestin-GFP promoted the binding of 
arrestin-GFP to GPCRs in the absence of added ligand. 
[00222] The HEK293 cells transiently transfected with arrestin-GFP were 
transiently transfected with the GPCR of interest and with or without GRK2- 

10 C20. Using confocal microscopy, the distribution of the arrestin-GFP was 
determined. The localization of the an^estin-GFP at clathrin coated pits, 
endocytic vesicles, endosomes, or other stages in the desensitization 
pathway indicated arrestin-GFP binding to the GPCR. Thus, GPCR 
desensitization. visualized by the binding of arrestin-GFP to the GPCRs, 

15 was analyzed. 

[00223] In the absence of added agonist, arrestin-GFP localized in small 
puncta (presumably clathrin coated pits) at the plasma membrane in cells 
expressing GRK2-C20 and either the cannabinoid type 2 receptor (CB2R) 
(Figure 4). Moreover, in the absence of added agonist. arrestin-GFP 

20 localized in endocytic vesicles in cells expressing GRK2-C20 and either the 
angiotensin li type lA receptor (AT1 AR), vasopressin V2 receptor (V2R), 
(Figure 4) or neurokinin-1 /substance P receptor (NK-1 or SPR). In control 
cells expressing each of the receptors (CB2R. AT1AR. V2R. or SPR) but 
lacking GRK2-C20. arrestin-GFP was diffusely expressed in the cytoplasm 

25 and did not localize to any significant extent in pits at the plasma membrane 
or vesicles inside the cell (Figure 4). 

Example 3 

Agonist-Independent desensitization of orphan GPCRs upon 
expression of a modified GRK 
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[00224] The present inventors detemnined that overexpression of the 
GRK2-C20, which is expressed at the plasma membrane (Inglese et a!., 
Nature 1992), in a cell line expressing arrestin-GFP promoted the binding of 
arrestin-GFP to GPCRs in the absence of added ligand. 
5 [00225] As above, the HEK293 cells transiently transfected with arrestin- 
GFP were transiently transfected with the GPCR of interest and with or 
without GRK2-C20. Using confocal microscopy, the distribution of the 
arrestin-GFP was detemnined. The localization of the arrestin-GFP at 
clathrin coated pits, endocytic vesicles, endosomes, or other stages in the 
10 desensitization pathway Indicated arrestin-GFP binding to the GPCR. Thus, 
GPCR desensitization, visualized by the binding of an^estin-GFP to the 
GPCRs, was analyzed. 

[00226] In the absence of added agonist, arrestin-GFP localized in small 
puncta (presumably clathrin coated pits) at the plasma membrane in cells 
15 expressing the orphan receptor GPR55 (Figure 7). In control cells 

expressing GPR55 but lacking GRK2-C20, arrestin-GFP was diffusely 
expressed in the cytoplasm and did not localize to any significant extent in 
pits at the plasma membrane or vesicles inside the cell (Figure 7). Other 
orphan GPCRs are described below. 

20 Example 4 

Method of analyzing the ability of a GPCR to bind arrestin 
[00227] The present inventors developed a method to determine if a 
GPCR of interest is expressed at the plasma membrane. Preferably, the 
expression of orphan GPCRs may be analyzed in host cells in which 

25 GPCRs desensitize in an agonist-independent manner, as described herein. 
[00228] As above, the HEK293 cells transiently transfected with arrestin- 
GFP were transiently transfected with the GPCR of interest and with or 
without GRK2-C20. Using confocal microscopy, the distribution of the 
arrestin-GFP was determined. The localization of the arrestin-GFP at 
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clathrin coated pits, endocytic vesicles, endosomes, or other stages in the 
desensitization pathway indicated an^estin-GFP binding to the GPCR. Thus, 
GPCR desensitization, visualized by the binding of arrestin-GFP to the 
GPCRs, was analyzed. 
5 [00229] Certain GPCRs, as described above, localized in clathrin coated 
pits, endocytic vesicles, endosomes, or other stages in the desensitization 
pathway. This localization indicated that the GPCRs had the ability to bind 
arrestin, because arrestin binding is requisite for subsequent localization in 
the desensitization pathway. A GPCR that does not bind arrestin would not 
10 enter or localize in the desensitization pathway. GPCRs that do not bind 
arrestin may be altered such that they do bind anrestin. The present 
inventors modified certain GPCRs to enhance arrestin affinity, as described 
below. 

Example 5 

IS Method of increasing the ability of a GPCR to bind arrestin 

[00230] The present inventors modified GPCRs to enhance their binding 
to anrestin. These modifications are described in U.S.S.N. 09/993,844. 
GPCRs were modified at their C-terminal tails to be better phosphorylated 
by GRKs. These modified and phosphorylated GPCRs then had enhanced 

20 binding to arrestin. They demonstrated increased intemalization. The letter 
E (for enhanced phosphorylation) is added to the end of the name of the 
GPCR which has been modified in this manner. 

[00231] Modified GPCR constmcts were generated by polymerase chain 
reaction following standard protocols and contain the HA epitope. Chimeric 
25 receptors were constructed in which the carboxyl-terminai tails of the GPCR 
and V2R were exchanged (Fig. 3), one for the other, after the putative sites 
of palmitoylation. Sequences of the DNA constructs were confirmed by DNA 
sequencing. 

[00232] The nucleic acids of the GPCR of interest were PCR-amplified 
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with primers that introduced a Not I restriction enzyme site (gcggccgc) 
immediately after the codon for a cysteine residue (a putative site of 
palmitoylation) 10 to 25 amino acids (preferably 15 to 20) downstream of the 
NPXXY that is to be fused to the V2R carboxyl terminus. The amplified 
5 receptor DNA fragment was then subcloned into the pEArrB-1 vector 
(described in U.S. Patent Application No. 09/993,844) using the Not I 
restriction enzyme site and an additional restriction enzyme site upstream of 
the receptor atg start codon. When expressed, the modified GPCR will 
contain a 31 amino acid peptide fused to the receptor carboxyl temiinus. 

10 The first two amino acids will be Ala residues contributed by the Not I site, 
and the last 29 amino acids will be from the V2R carboxyl terminus. 
[00233] The present inventors modified the carboxyl-terminal tails of the 
following receptors as described above and in the U.S. Patent Application 
No. 09/993,844: the p2-adrenergic receptor (p2ARE), dopamine D1 A 

15 receptor (D1 ARE), mu opiod receptor (MORE), orphan GPR3 (GPR3E), 

orphan GPR6 (GPR6E), orphan GPR12 (GPR12E), orphan GPR7 (GPR7E), 
orphan GPRS (GPR8E), orphan GPR55 (GPR55E), orphan SREB2 
(SREB2E). and orphan SREB3 (SREB3E). The "E" stands for "enhanced 
arrestin binding^ In the absence of added agonist, arrestin-GFP localized in 

20 endocytic vesicles for each of the modified GPCRs listed above when 

co-expressed with GRK2-C20 (Figures 4, 5, 6, and 7). For some of these 
modified receptors (such as orphan GPR6E), a small but significant amount 
of arrestin-GFP was observed to localize in intracellular vesicles in the 
control cells lacking the GRK2-C20 (Figure 5). However, overexpression of 

25 GRK2-C20 with these receptors promoted a marl^ed increase in this 

response (Figure 5), The amino acid and nucleic acid sequences of these 
modified GPCRs, the wild-type sequences, and sequences of HA-tagged 
modified GPCRs are shown in Figure 3 and in SEQ ID Nos: 35-90. 

Example 6 
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Method of Determining if a GPCR of interest 
is expressed at the plasma membrane 
[00234] The present inventors developed a method to determine if a 
GPCR of interest is expressed at the plasma membrane. 
5 [00235] The HEK293 cells transiently transfected with an^estin-GFP were 
transiently transfected with the GPCR of interest and with or without GRK2- 
C20. Using confocal microscopy, the distribution of the arrestin-GFP was 
determined. The localization of the arrestin-GFP at clathrin coated pits, 
endocytic vesicles, endosomes, or other stages in the desensitization 
10 pathway indicated an'estin-GFP binding to the GPCR. Thus, GPCR 

desensitization, visualized by the binding of an^estin-GFP to the GPCRs, 
was analyzed. 

[00236] Certain GPCRs, as described above, localized in clathrin coated 
pits, endocytic vesicles, endosomes, or other stages in the desensitization 

15 pathway. This localization indicated that the GPCRs were expressed at the 
plasma membrane, because plasma membrane expression is requisite for 
subsequent localization in the desensitization pathway. A GPCR that was 
not expressed at the plasma membrane would not localize in the 
desensitization pathway. GPCRs that do not express at the plasma 

20 membrane may be altered such that they do express at the plasma 

membrane. For example, the expression of the GPCR may be altered, the 
amino acid sequence of the GPCR may be altered, or the GPCR may be 
introduced into another host cell. 

Example 7 

25 Monitoring desensitization of GPCR mutants 

[00237] Desensitization may be monitored in cells including GPCR 
mutants. The desensitization of the GPCR mutant may be dependent on 
GRK overexpression. 

[00238] A vector including the human P2AR-E-Y326A containing a point 
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mutation, the Tyrosine residue 326 converted to Alanine, will be transfected 
into cells expressing arrestin-GFP and a GRK, which may be modified. The 
"E" indicates that the GPCR has been modified, as described above. The 
Y326A mutation causes the GPCR to be dependent on overexpressed 

5 GRK for phosphorylation and subsequent desensitization. The P2AR-Y326A 
will desensitize in the absence of agonist upon expression of GRK-C20. 
The expression of the GRK may be altered, including methods of altering 
the amount of GRK nucleic acids in the cell using an inducible promoter, 
replication controlling machinery such as the origin of replication, or 

10 manually altering the amount of vector in the cells. 

[00239] The cells will be seeded in 96 well or higher density plates and 
incubated ovemight. The next morning the activator of the inducible system 
or vehicle only will be added to the wells to induce overexpression of the 
GRK or modified GRK. Agonist will be added to cells expressing the GRK 

15 (not the modified GRK). 

[00240] Compounds of interest will then be added to the wells to see if 
they alter the internalization of arrestin-GFP. The cells will then be fixed 
with 2% paraformaldehyde and the amount of arrestin-GFP translocation will 
be measured using image analysis systems. 

20 

[00241] While the invention has been described and Illustrated herein by 
references to various specific material, procedures and examples, it is 
understood that the invention is not restricted to the particular material 
combinations of material, and procedures selected for that purpose. 
25 Numerous variations of such details can be implied as will be appreciated by 
those skilled in the art. 

[00242] The following is a list of documents related to the above 
disclosure and particularly to the experimental procedures and discussions. 
The following documents, as well as any documents referenced in the 
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foregoing text, should be considered as incorporated by reference in their 
entirety. 
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CLAIMS 

1 . A method of identifying a compound which alters GPCR 
internalization, comprising: 

(a) providing a cell comprising a GPCR, an an-estin, and a modified 
5 GRK, wherein said GPCR is at least partially internalized in an agonist- 
independent manner upon expression of said GRK; 

(b) exposing said cell to the compound(s); 

(c) determining the cellular distribution of the GPCR, arrestin, or 
modified GRK; and 

10 (d) monitoring a difference between (1 ) the distribution of the GPCR, 

arrestin, or modified GRK in the cell in the presence of the compound(s) and 
(2) the distribution of the GPCR, anrestin, or modified GRK in the cell in the 
absence of the compound(s). 

15 2. The method of claim 1 , wherein the GRK of step (a) is 

-\ 

overexpressed. 

3. The method of claim 1 , wherein the expression of the GRK of step 
(a) is inducible. 

20 

4. The method of claim 1 , wherein the GRK comprises a CAAX motif, 

5. The method of claim 1 , wherein the GPCR is modified to have 
enhanced phosphorylation by a GRK. 

25 

6. The method of claim 1 . wherein the GPCR is P2AR(Y326A). 

7. The method of claim 1, wherein the GPCR is a GPCR listed in 
Figure 1. an orphan GPCR, a modified GPCR. a taste receptor, a Class A 
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GPCR, a Class B GPCR. a mutant GPCR, or a biologically active fragment 
thereof, 

8. The method of claim 1 . wherein the GRK is GRK1 , GRK2, GRK3, 
5 GRK4, GRK5, GRK6, or a biologically active fragment thereof. 

9. The method of claim 1 , wherein the GPCR, GRK, or arrestin is 
detectably labeled. 

10 10. The method of claim 1 , wherein a molecule involved in 

desensitization is detectably labeled, or a molecule that interacts with a 
molecule involved in desensitization is detectably labeled. 

11. The method of claim 1, wherein the arrestin is visual an^estin, 
1 5 cone arrestin, (3-an-estin 1 , 3-arrestin 2, or a biologically active fragment 

thereof. 

12. The method of claim 1, wherein an agonist is not provided. 

20 1 3. The method of claim 1 , wherein a difference between (1 ) and (2) 

of step (d) indicates modulation of GPCR internalization. 

14. A method of identifying a compound that alters GPCR 
phosphorylation, comprising: 
25 (a) providing a cell comprising a GPCR and a GRK; 

(b) exposing said cell to the compound(s); and 

(c) determining whether GRK phosphorylation of the GPCR is altered 
in the presence of the compound(s). 

30 15. The method of claim 14, wherein the cellular distribution of the 
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GPCR or GRK is determined. 



16. The method of claim 14. wherein a difference between (1 ) the 
distribution of the GPCR or GRK in the cell in the presence of the compound 

5 and (2) the distribution of the GPCR or GRK in the cell in the absence of the 
compound{s) is monitored. 

17. The method of claim 16, wherein a difference is correlated 
between (1) and (2) to the phosphorylation of the GPCR. 

0 

18. The method of claim 14, wherein the GRK is not located in the 
plasma membrane, indicating that GRK phosphorylation of the GPCR is 
altered. 



15 19. The method of claim 14, wherein the phosphorylation state of the 

GPCR is determined. 

20. The method of claim 14, wherein the activity of the GRK is 
detemnined. 

20 

21 . The method of claim 1 7, wherein the ability of the GPCR to be 
internalized is detemnined. 



22. A method of determining if a GPCR of interest is expressed at the 
25 plasma membrane, comprising: 

(a) providing a cell comprising a GPCR, an arrestin, and a GRK, 
wherein the arrestin is detectably labeled; 

(b) determining the cellular distribution of the arrestin; and 

(c) conrelating the cellular distribution of the arrestin to the ability of 
30 the GPCR to be expressed at the plasma membrane. 
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23. The method of claim 22, wherein the arrestin is localized in 
vesicles, pits, endosomes, or elsewhere in the desensitization pathway. 

24. A method of detemnining if a GPCR of interest is expressed at the 
5 plasma membrane, comprising: 

(a) providing a cell comprising a GPCR and a GRK, wherein the GRK 
is detectably labeled; 

(b) determining the cellular distribution of the GRK; and 

(c) correlating the cellular distribution of the GRK to the ability of the 
10 GPCR to be expressed at the plasma membrane. 

25. The method of claim 24, wherein the GRK is localized at the 
plasma membrane. 

15 26. A method of analyzing the ability of a GPCR to bind arrestin, 

comprising: 

(a) providing a cell comprising a GPCR, an arrestin. and a GRK, 
wherein the arrestin is detectably labeled; 

(b) determining the cellular distribution of the an-estin; and 

20 (c) correlating the cellular distribution of the anrestin to the ability of 

the GPCR to bind arrestin. 



27. The method of claim 26, wherein the arrestin or the GPCR is 
localized in vesicles, pits, or endosomes. 

25 

28. A compound identified by claim 1. 

29. A method of treating a disease by modulating desensitization of a 
GPCR in a host cell, comprising: 

30 (a) providing a compound identified in claim 1; and 
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(b) administering said compound to a host. 

30. A host cell comprising a GPCR and a modified GRK. 

5 31 . The host ceil of claim 30, wherein the GRK is inducible or over- 

expressed. 

32. The host cell of claim 30, wherein said host cell further comprises 
arrestin, wherein said arrestin may be detectably labeled. 

10 

33. The host cell of claim 30. wherein at least one of the GPCR, 
GRK, another molecule involved in desensitization, or a molecule that 
interacts with a molecule involved in desensitization is detectably labeled. 

15 34. A method of modifying a nucleic acid encoding a GRK in which a 

GPCR is constitutively internalized, comprising: 

(a) providing a nucleic acid encoding a GRK; 

(b) mutating the nucleic acid encoding a GRK such that the encoded 
GRK comprises a CAAX motif, wherein said modified GRK phosphorylates a 

20 GPCR in the absence of agonist; and 

(c) expressing the nrK>dified GRK in a cell. 

35. The method of claim 34, wherein the nucleic acid encoding a 
GRK comprises SEQ ID No: 2. 4, 6. 8. 10. 12. 14, 16, 18, 20. 22. 24, 26. 28, 

25 30, 32. or 34. 

36. A kit for identifying a compound that modulates the internalization 
of a GPCR, comprising the host cell of claim 30. 

30 37. A modified GPCR comprising a NPXXY motif, and a carboxyl 
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terminal tail, 

wherein said carboxyl terminal tail comprises a putative site of 
palmitoylation and one or more dusters of phosphorylation, 

wherein the carboxyl tenminal tail comprises a retained portion of a 
5 carboxyl-terminus region of a first GPCR portion fused to a portion of a 
carboxyl-terminus from a second GPCR, and 

wherein the second GPCR comprises the one or more clusters of 
phosphorylation and further comprises a second putative site of 
palmitoylation approximately 10 to 25 amino acid residues downstream of a 
10 second NPXXY motif. 

38. The modified GPCR of claim 37, wherein the first GPCR is a 
Class A receptor. 



15 39. The modified GPCR of claim 37, wherein the first GPCR is 

hGPR3, hGPR6, hGPR12, hSREB2. hSREB3. hGPR8, or hGPR22. 

40. The modified GPCR of claim 37, wherein the second GPCR is a 
Class B receptor. 

20 

41 . The modified GPCR of claim 37, wherein the Class B receptor is 
selected from the group consisting of a vasopressin V2 receptor, a 
neurotensin-1 receptor, a substance P receptor and an oxytocin receptor. 

25 42. A nucleic acid encoding a modified GPCR of claim 37. 

43. A nucleic acid selected from the group consisting of SEQ ID Nos: 
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66. 68, 70, 72, 74, 
76, 78, 80. 82. 84, 86, 88, and 90. 

30 
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44. An expression vector comprising tlie nucleic acid of claim 42. 

45. A host cell comprising the expression vector of claim 44. 
5 46. A host cell comprising the nucleic acid of daim 42. 

47. A method of screening compounds for GPCR activity comprising 
the steps of: 

(a) providing a cell that expresses at least one modified GPCR 
10 according to claim 37. wherein said cell further comprises arrestin 

conjugated to a detectable molecule; 

(b) exposing the cell to the compound; 

(e) detecting location of the an-estin within the cell; 

(d) comparing the location of the arrestin within the cell in the 

1 5 presence of the compound to the location of the an-estin within the cell in the 
absence of the compound; and 

(e) correlating a difference between (1) the location of the an-estin 
within the cell in the presence of the compound and (2) the location of the 
arrestin within the cell in the absence of the compound. 

20 

48. The method of Claim 47, wherein the an-estin is detected In 
endosomes, endocytic vesicles, or pits. 

49. A kit for identifying a molecule that modulates the activity of a 
25 GPCR, comprising a cell that expresses at least one modified GPCR 

according to claim 37, wherein said cell further comprises a molecule 
Involved in desensitization conjugated to a detectable molecule. 
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Fig. 2 



Bovine GRK2-C20 Amino Acid Sequence 

MADLEAVrJUJVSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKIPSQKLGYLL^ 

PLVEFYEEIKKYEKLETEEERLVCSREIFDTYIMKELIiACSHPPSKSAIEHVQGHLVKKQVPPDLFQPYIEEICQNIiR^ 

VPQKFIESDKPTRFCQWKMVELNIHLTMNDFSVHRIIGRGGFGEVYGCRKADTGKMY 

IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDLMNGGDLHYHLSQHSVFSEADFmFYAAEIILG 

ANILU)EHGHVRISDIX5IACDFSKKKPHASVGTHGY^B^BVIlQKGVAYDSSADWFSLGCMLFKLI^^ 

EIDRMTLTMAVELPDSFSPELRSLLEGLI^RDVNRRLGCLGRGAQEVKESPFFl^IJ^^ 

DAPDIGSFDEEDTKGIKLUDSDQELYRNFPLTISBRWQQEVAETVPDTINAETDRLEARKKT^^ 

MHGYMSKMGNPFLTQWQRRYFYLFPNRLEWRGBGEAPQSLLTMEBIQSVEETQIKERKCLLIiKIR^^ 

VQWKKELRDAYREAQQLVQRVPKMKNKPRSPVVELSKVPLIQRGSCVLL 

SEQ ID NO : 1 



Bovine GRK2-C20 Nucleotide sequence 

ATGGCGGACCTGGAGGCGGTGCTGGCCGACGTGAGCTACCTGATQGCCATGGAGAAGAGCAAGGCC^ 

CGCCAGCAAGAAGATCCTGCTGCCaSAGCCCAGCATCCMaVGaSTCATGCAGAAGTA^ 

CTTTTGAGAAGATCTTCTCCCAGAAGCreGGGTACCrrGCTTTTC^ 

CCCTTGGTAGAGTTCTACGAGGAGATCAAGAAATACGAGAAGCTGGAGACAGAGGAGGAGCGCCTG^ 

GCCATCTGGTGAAGAAGCaGGTGCCTCCGGATCTCTTCCAGCCATATATTGAAGA^ 

GTGTTCCAGAAATTCATCGAGAGCGATAAATTCACACGATTTTGCCAGTGGAAG^ 

CATGAACX^CTTCAGTGTCCACCGCATCATCGGGCGAGGOSGCTTCGGTGAGG^ 

GCAAGATGTACGCCATGAAGTGTCTGGACAAGAAGCXSCATCAAGATGAAGCAAGGGGAG^ 

ATCATGCTGTCGCTCGTCAGCACaSGGGACTGCCCGTTaVTaSTCTGCATC^ 

CAGCTTCATCCTGGATCTCATGAACGGCGGGGACCTGOICTACCACCTGTCCCAGCAC^ 

TGCGTTTCTACGCaSCCGAGATCATCCrGGGCCnGGAGCACATGCAC^ 

GCCAAaVTCCTGCTGGACGAGCAaSGCCACGTGCGCATCTOlGACCTGGGCC^ 

TC^CGCCAGTGTGGGCACCCACGGGTACATGGCTCCCGAGGTTCTAOVGAAGGGTGTGGCCTAC 

GGTTCTCCCTCGGCrGCATGCTCTTCAAGCTGCTGCGAGGGCATAGCCCTTTCCGGCAGCACAAGACCA^ 

GAGATCGACAGAATGACATTGACAATGGCTGTGGAGCTGCCTGACTCCrTCTCCCCTGAGCrCCGCTCCTTGCTGGAGG 

GCTGCTGCAGAGGGATGTCAACCGGAGGCTAGGCTGCCTGGGCCGAGGGGCCCAGGAGGTGAAGGAGAGCCCCTTCTTCC 

GTTCCCTGGACTGGCAGATGGTCTTTTTACAAAAGTACCCTCCCCCGTTGATCCCCCCACGAGGGGAGGTGAATGC^^ 

GACGCCTTTGACATTGGCTCCTTCGATGAGGAGGACACAAAAGGAATCAAGCTACTGGACAGTGACCyiGGA 

CAACTTCCCCCTGACCATCrCGGAGCGGTGGCAGO^GGAGGTAGCAGAGACTGTCTTTGACACCATC^ 

ACCGGCTGGAGGCCCGCAAGAAAACCAAAAACAAGCAGTTGGGCCACGAGGAAGACTACGCCCTGGGa^GGACTGCATC 

ATGCATGGCTACATGTCCAAGATGGGCAACCCCTTCCTGACCCAGTGGCAGCGGCGGTACTTCTACCTGTTCCCTAACCG 

GCTCGAGTGGCGGGGCGAGGGCGAGGCCCCGCAGAGCCTGCTGACCATGGAGGAGATCCAGTCGGTGGAGGAGACGCAGA 

TCAAGGAGCGAAAGTGCCrCCTCCTCAAGATCCGAGGTGGCAAGCAGTTTGTCCTGCAGTGCGATAGTGACCC^ 

GTGCAGTGGAAGAAGGAGCTTCGAGACGCCTACCGCGAGGCCCAGCAGCTAGTGCAGCXSGGTGCCCAAGATGAAGAACM 

GCCGCGCTCGCCCGTCGTGGAGCTGAGCAAGGTGCCACTGATCCAGCXSOGGCMTTGTGTGCTTCT^ 

SEQ ID NO: 2 
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Amino acid sequence of the GRK2 (G protein-coupled receptor kinase 2 [Homo 
Sapiens] ) Accession NP_001610 (Also called: Adrenergic, beta, receptor 
kinase 1(ADRBK1) 

(Beta-adrenergic receptor kinase 1 (Bark-1)) 

MADLEAVIJ^VSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKIFSQK^ 

PLVEFYEE I KKYEKLETEEERVARSREI FDS YIMKELIiACSHPFSKS ATEHVQGHLGKKQVPPDLFQPYI EEICQNLRGD 
VFQKFI ESDKFTRFCQWKNVELNIHLTmDFS VHRI I GRGGFGEVYGCRKADTGKMYAMKCU5KKRI 
IMLSLVSTGDCPFIVCMSYAFHTPDKLSFILDI^GGDliHYHLSQHGVFSEADMRFYAAEIILGLEHMHNRPV^^ 
ANI LLDEHGHVRI SDIX3IACDFSKKKPHASVGTHGYMAPEVLQKGVAYDSSADWFSLGCMLFKLLRGHS PFRQHKTK^ 
E I DRmLTMAVELPDSFS PEIJlSIiEGUjQRDVNRRIiGCLGRGAQEVKES PFFRS IJ3WQMVFLQK^ 
DAFDIGSFDEEDTKGIKLLDSDQELYRNFPLTISERWQQEVAETVFDTINAETDRLEARKKAKNKQLGHEEDYALGKDCI 
MHGYMSKMGNPFLTQWQRRYFYLFPNRLEWRGEGEAPQSLLTMEEIQSVEETQIKERKCLLLKIRGGKQFILQCDSDPEL 
VQWKKELRDAYREAQQLVQRVPKMKNKPRSPWBLSKVPLVQRGSANGL 

SEQ ID NO: 3 

Nucleotide sequence for the GRK2 G protein-coupled receptor kinase 2 [Homo 
Sapiens] Accession NM_001619 (Also called: Adrenergic, beta, receptor • 
kinase 1(ADRBK1) (Beta-adrenergic receptor kinase 1 (Bark-1)) 

ATGGCGGACCTGGAGGCGGTGCTGGCCGACGTGAGCTACCn^ATGGCCATGGAGAAGAGCAAGGCCACGCCG^ 

GAAGATACTGCTGCCCGAGCCCAGCATCCGCAGTGTCATGCAGAAGTACCTGGAGGACCGGGGCGAGGTGACCTTTGAGAAGATC^^ 
CCCAGAAGCTGGGGTACCTGCrCTTCCGAGACTTCTGCCnSAACCACCTGGAGGAGGCCAGGCCCT^ 

AAGAAGTACGAGAAGCTGGAGACGGAGGAGGAGCGTGTGGCCOSCAGCCGGGAGATCTTCGACTCATACATCATGAAGGAGCTC 

CTGCTCGCATCCCTTCTCGAAGAGTGCCACTGAGCTVTGTCCAAGGCCACCTGGGGAAGAAGCAGGTGCCTCCGGATCrCTTCCAGC^ 

ACATCGAAGAGATTTGTCAAAACCTCCGAGGGGACGTGTTCCAGAAATTCATTGAGAGCGATAAGTTCAC^ 

AATGTGGAGCTCMCATCCACCTGACCATGAATGACTTCAGCGTGCATCGCATCATTGGGCGCGGGGGCTTTGGCGA^ 

CCGGAAGGCTGACACAGGCAAGATGTACGCCAT6AAGTGCCTGGACAAAAAGCGCATCAAGATGAAGCAGGG<^ 

ACGAGCGCATCATGCTCTCGCTCGTCAGCACTGGGGACTGCCCATTCATTGTCTGCATGTCATACGCGTTCCACACXSC^ 

AGCTTCATCCrGGACCTCATGAACGGTGGGGACCTGCACTACCACCTCTCCCAGO^aSGGGTCTTCT 

TGCGGCCGAGATCATCCTGGGCCTGGAGCACATGCACAACCGCITCGTGGTCTACCGGGACCTGAAGCCAGCC^ 

AGCATGGCCACGTGCGGATCTCGGACCn^GGCCTGGCCTGTGACTTCTCCAAGAAGAAGCCCCA 

ATGGCTCCGGAGGTCCTGCAGAAGGGCGTGGCCrACGACAGCAGTGCCGACTGGTTCTCTCTGGGGTGOVTGCTCr^ 

GGGGCACAGCCCCTTCCGGCAGCACAAGACCAAAGACAAGCATGAGATCGACCGCATGACGCTGACGATGGCOGTGGAG 

CCTTCTCCCCTGAACTACGCTCCCTGCTGGAGGGGTTGCTGCAGAGGGATGTCAACOKSAGATTG^ 

GAGGTGAAAGAGAGCCCCrTTTTCCGCTCCCTGGACTGGCAGATGGTCTTCTT6(MAAGTACC^^ 

GGAGGTGAACGOGGCa^CGCCrrCGACATTGGCTCCrTCGATGAGGAGGAC^ 

TCTACCGCAACTTCCCCCTCACCATCTCGGAGCGGTGGCAGCAGGAGGTGGCAGAGACTGTCTTCGAC^ 

CGGCTGGAGGCrCGCAAGAAAGCCAAGAACMGCAGCTGGGCC^TGAGGAAGACT^ 

CATGTCCAAGATGGGCAACCCCOTCCTGACCCAGTGGCAGCGGCGGTACrTCT^ 

GCGAGGCCCCGCAGAGCCTGCTGACCATGGAGGAGATCCAGTCGGTGGAGGAGACGCA6ATCAAG 

ATCCGCGGTGGGAAACAGTTO^TTTTGCAGTGCGATAGaSACCCTGAGCTGGTGC^ 

GGCCCAGCAGCTGGTGCAGCGGGTGCCCAAGATGAAGAACAAGCaSCGCTOSCCCXn^ 

GCGGCAGTGCCAACGGCCTCTGA 

SEQ ID NO: 4 
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GRK6 Splice Variant B (AF040751 ): 

MELENIVANTVLLKAREGGGGNRKGKSKKWRQMLQFPHISQCEELRLSLERDYHSLCERQPIGRLLFREPCATRPBLSR^ 

YEVTPDDKRKACXSRQLTQNFLSHTGPDLIPEVPRQLVTNCTQRLEQGPCKDLFQELTRLTHEYLSVAPFADYLDSIYFNRFLQWKWLE 

QPVTKNTFRQYRVLGKGGFGEVCACQVRATGKMYACKKLEKKRIKKRKGEAMALNEK^ 

GGDLKFHIYHMGQAGFPEARAVFYAAEICCGLEDriHRERIVYRDLKPENILLDDHGHIRISDLGLAVHVPEGQTIKGRVGTVGY^^ 
VKNERYTFSPDWWALGCLLYEMIAGQSPPQQRKKKIKREEVERLVKEVPEEYSERFSPQARSLCSQLLCKDPAERLGCRGGSARE^ 
PLFKKLNFKRIiGAGMLEPPFKPDPQAIYCFa3VLDIEQFSTVKGVELEPTDQDPYQKFATGSVPIPWQNEM\^ 
PDLDWKGQPPAPPKKGLLQRLFSRQRIAVETAATARKSSPPASSPQPEAPTSSWR 

SEQ ID NO: 5 

ATGGAGCTCGAGAACATCGTAGCGAACACGGTGCTACn'CAAGGCCCGGGAAGGTGGCGGTGGAAAT^ 

GCGGCAGATGCTCCAGTTCCCrCACATCAGCCMTGCGAAGAGCTGCGGCTaVGCCT 

AGCrCATTGGGCGCCTGCTGTTCCGAGAGTTCTGTGCCACGAGGCCGGAGCTGAGCra 

TATGAAGTGACCCCGGATGACAAGCGGAAGGCATGTGGGCGGCAGCTAACGCAGAATTT^ 

TGAGGTCCCCCGGCAGCTGGTGACGAACTGOVCCCAGOKSCTGGAGCAGGGTCCCTGC^^ 

OVGCCAGTGACCAAAAACACCTTCAGGCAATACCGAGTCCTGGGCAAAGGTGGCTTTGGGGAG^^ 

GCGGGCCACAGGTAAGATGTATGCCT6CAAGAAGCTAGAGAAAAAGCGGATCAAGAAGCGGAAAGGGGAGGCCATGGC6CTC 

AGCAGATCCTGGAGAAAGTGAACAGTAGGTTTGTAGTGAGCTTGGCCTACGCCTATGAGACCAA^ 

CTGATGAAOKX^^GCGACCrO^GTTCCACATCTACCAa^TGGGCCAGGCTGGC^ 

GATCTGCTGTGGCCIXKSAGGACCrGCACCGGGAGCGCATCGTGTACAGGG^ 

ACATCCGCATCTCTGACCTGGGACTAGCTGTGCATGTGCCOSAGGGCCAGACCATCAAAG^ 

CrGGAGGTGGTGAAGAATGAAGGGTACACGTTCAGCCCTGACnXSTiSGGCGCTTO 

GCCCTTCCAGCAGAGGAAGAAGAAGATCAAGCGGGAGGAGGTGGAGCGGCTGGTGAAGGAGGTC 

CCCCGCAGGCCOSCTCACTTTGCTCACAGCTCCTCrGCAAGGACCCTGCCGAACGCC^^ 

AAGGAGCACCCCCTCTTTAAGAAGCTGAACTTCAAGCGGCTGGGAGCTGGCATGCT^ 

TTACTGCAAGGAT6TTCn<3GACATT6AACAGTTCTCrAC^ 

TTGCCACAGGCAGTGTXSCCCATCCCCTGGCAGAACGAGATGGTGGAGACCGAGTC 

TCAGTTCCCCCAGACCTGGACTGGAAGGGCCAGCCACCTGCACCTCCTAAAAAGGGACTGC^ 

TGCTGTGGAAACrGCAGCGACAGCGAGGAAGAGCrCCCCACCCGCCTCTAGCCCCCAGCCCGAGGCC^ 

SEQ ID NO: 6 
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Human GRK6 Splice Variant C (AF040752): 



MELENIVANTVLLKAREGGGGNRKGKSKKWRQMLQPPHISQCEEIiRLSLERDYHSLCERQPIGRLLFREFCATRPELSR^ 

YEVTPDDKRKACGRQLTQNFLSHTGPDLIPEVPRQLVTNCTQRLEQGPCKDLFQELTRLTHEYLSVAPFADYLDSIYFNRFL^^ 

QPVTKNTFRQYRVLGKGGFGEVCACQVRATGKMYACKKLEKKRIKKRKGEAMALNEKQILEK^ 

GGDLKFHIYHMGQAGFPEARAVFYAAEICCGLEDUniBRIVYRDLKPENILLDDHGHIRISDLGIAVHVPEGQTIK^ 

VKNERYTFSPDWWALGCLLYEMIAGQSPPQQRKKKIKREEVERLVKEVPEEYSERFSPQARSLCSQLLCKDPAERLGCRGGSAREVKEH 

PLFKKLNPKRLGAGMLEPPFKPDPQAIYCKDVU)IEQFSTVKGVEI^PTDQDFYQKPATGSVPIPWQNEMVETEC^ 

PDLDHKGQPPAPPKKGLLQRLFSRQR 

SEQ ID NO: 7 



ATGGAGCTCGAGAACATCGTAGCGAACACGGTGCTACTCAAGGCCCGGGAAGGTGGCGGTGGAAATCGCAAAGGCAAAAGCAAG 

GCGGCAGATGCTCCAGTTCCCTCACATCAGCCAGTGCXSAAGAGCTGOSGCTCAGCCTCGAGCGTGACTATCACAGCCT^ 

AGCCCATTGGGCGCCTGCTGTTCCGAGAGTTCTGTGCCACGAGGCCGGAGCTGAGCCXSCTGCGTCGCCTTCCTGGATGGGGTGGCCGAG 

TATGAAGTGACCCCGGATGACAAGCGGAAGGCATGTGGGCGGCAGCTAACGCAGAATTTTCTGAGCCyVCAC^ 

TGAGGTCCCCCXSGCAGCTGGTGACGAACTGCACCCAGCGGCTGGAGCAGGGTCCCTGCAAAGACCTTTTCC^ 

CCCACGAGTACCTGAGCGTGGCCCCTTTTGCCGACTACCTCXSACAGCATCTACnTCAACCGTTTCCTGCAGTGGM 

CAGCCAGTGACCyUVAAACACCTTCAGGCAATACCGAGTCCTGGGCAAAGGTGGCTTTGGGGAGGTGTGCGCCT 

AGGTAAGATGTATGCCTGCAAGAAGCTAGAGAAAAAGCGGATCAAGAAGCGGAAAGGGGAGGCCATGGCGCTGAACGAGAAGCAGATCC 

TGGAGAAAGTGAACAGTAGGTTTGTAGTGAGCTTGGCCTACGCCTATGAGACCAAGGACGCGCTGTGCCTGGTGCTGAGACTGATGAAC 

GGGGGCGACCTCAAGTTCCACATCTACCACATGGGCCAGGCTGGCrTCCCCGAAGCGCGGGCCGTCTTCrACGCC 

TGGCCTGGAGGACCTGCACCGGGAGCGCATCGTGTACAGGGACCTGAAGCCCGAGAACATCTTGCTGGATGACCACGGCCACATCCGCA 

TCTCTGACCTGGGACTAGCTGTGCATGTGCCCGAGGGCCAGACCATCAAAGGGCGTGTCGGCACCGTGGGTTACATGGCTCCGG 

GTGAAGAATGAACGGTACACGTTCAGCCCTGACTGGTGGGCGCrCGGCTGCCTCCTGTAaS^ 

GCAGAGGAAGAAGAAGATCAAGCGGGAGGAGGTGGAGCGGCnXSGTGAAGGAGGTCCCOSAGGAGTATTCCG^ 

CCCGCTCACTTTGCTCACAGCTCCTCTGCAAGGACCCTGCCGAACGCCT^^ 

CCrCTCTTTAAGAAGCTGAACTTCMGaSGCTGGGAGCTGGCAT^^ 

GGATGTTCTGGACATTGAACAGTTCrCTACGGTCAAGGGCGTGGAGCTG^ 

GOVGTGTGCCCATCCCCKWCAGAACX^GATGGTGGAGACCGAGTGCTTCaU^ 

CCAGACCTGGACTGGAAGGGCCAGCCACCTGCACCTCXTrAAAAAGGGACn^CTGCA^ 

SEQ ID NO: 8 
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Human GRK6 (NM_002082): 

MELENIVANTVLLKAREGGGGNRKGKSKKWRQMLQFPHISQCEELRLSLERDYHSLCERHAIGRLLFREPC^^ 

YEVTPDDKRKACGRHVTQNFLSHTGPDLIPEVPRQLWNCTQRLEQGPCKDLFQELTRLTHEYLSVAPFADYLDSIYFNRFI^W^^ 

QPVTKNTFRQYRVLGKGGFGEVCACQVRATGKMYACKKIjEKKRIKKRKGEAMALNEKQILEKVNSRFWS 

GGDLKFHIYHKGQAGFPEARAVFyAAEICCGLEDLHRERIVYRDLKPENILLDDHGHIRISDLGLAVHVPEGQTIKGRVGWGYM^ 
\aCNERYTFSPDWWALGCLLYEMIAGQSPFQQRKKKIKREEVERLVKEVPEEYSERFSPQARSI*CSQLLCKDPAERlJGCRGGSAREV^ 
PLFKKLNFKRLGAGMLE PPFKPD PQAI YCKDVLD lEQFSTVKGVELEPTDQDFYQKFATGSVPI PWQMEMVBTECFQELNVFGLDGSVP 
PDLDWKGQPPAPPKKGLLQRIiFSRQDCCGNCSDSEEELPTRL 

SEQ ID NO: 9 



ATGGAGCTOSAGAACATCGTAGaSAACACGGTGCTACrrCAAGGCCCGGGAAGG^ 

GCGGCAGATGCTCCAGTTCCCTCACATCAGCCAGTGCGAAGAGCIGCG^ 

ACGCTArrGGGCGCCTGCTGTTCCGAGAGTTCroTGCCACGA^ 

TATGAAGTGACrCCGGATGACAAGCGGAAGGCATGTGGGCGGCACGTAACXSCAGAATT^ 

TGAGGTCCCCCGGCAGCTGGTGACGAACTQCACCCAGCGGCTGGAGCAGGGTC^ 

CCCACX3AGTACCTGAGCGTGGCCCCTTTT6CCGACTACCTCGACAGCATCTACTT 

CAGCCAGTGACCAAAAACACrrrCAGGCAATACCGAGTCCTGGGCAAAGGTGGC^^ 

AGGTAAGATGTATGCCTGCAAGAAGCTAGAGAAAAAGCGGATCAAGAAGCGGAAAGGGGAGGCC^^ 

TGGAGAAAGTGAACAGTAGGTTTGTAGTGAGCITGGCCTACGCCTATGAGACCAA 

GGGGGCGACCTCMGTTCCACATCTACCACATGGGCCAGGCl^CTTCCCCGAAGCGCGGGCC^ 

TCGCCTGGAGGACCTGCACCGGGAGOSCATCGTGTACAGGGACCTGAAGCCCGAGAACAT^^ 

GTGAAGAATGAACGGTACACGTTCAGCCCTGACTGGTXSGGCGCTCGGCTGCCTCCr^ 

GCAGAGGAAGAAGAAGATCAAGCGGGAGGAGGTGGAGCGGCTGGTGAAGGAGGTCCCCGAGGAGTATTCCGAGCGCTTTTCCCCGCAG^ 

CCCGCTCACTTTGCTCACAGCTCCTCTGCAAGGACCCTGCCGAACGCCTGGGGTGTCGTGGGGGCAGTGCC^^ 

CCCCTCTTTAAGAAGCTGAACTTCAAGCGGCTGGGAGCTOGCATGCTGGAGCCGCCGTTCAAGCCTGACCCCC^ 

GGATGTTCTGGACATTGAACAGTTCrCTACGGTCAAGGGCGTGGAGCTGGAGCCTACCGACCAGGACTTCTACC^ 

GCAGTGTGCCCATCCCCTGGCAGAACGAGATGGTGGAGACCGAGTGCTTCCa^GAGCTGAATGTCTTTGG^ 

CCAGACCTGGACTGGAAGGGCCAGCCACCTGCACCTCCTAAAAAGGGACTGCTGCyiGAGACTCTTa^ 

CTGCAGCGACAGCGAGGAAGAGCTCCCCACCCGCCTCTAGCCCCCA6 

SEQ ID NO: 10 
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Human GRK5 (XM_005969): 

MELENIViOT'VIJ.KAREGGGGKRKGKSKKWKEILKFPHISQCEDLR^ 

YEVTPDEKIiGEKGKElMTKYLTPKSPVFIACJVGQDLVSQTEEKLLQKPCKELFSACAQSVHEY^^ 

QPVTKNTFRQYRVI/SKGGFGEVCACQVIU^TGKMYACKRLEKKRIKKRKGBS 

GGDLKFHI YNMGNPGFEEERALFYAAE I LCGLEDLHRENTVYRDLKPENI LLDD YGH IRI SDI^ 

LmjQRYGLSPDYWGLGCLIYEMIEGQSPFRGRKEKVKREEVDRRVLETEEVYSHKFSEEAKSICKMIiLTKDAKQRI^ 

PFPRNMNFKRLEAGMIiDPPFVPDPRAVYCKDVLDIEQFSTVKGVNLDHTDDDFYSKFSTGSVSIPWQNEMIETECFKEL^ 

PDUIRNHPPEPPKXGLLQRLFKRQHQNNSKSSPSSKTSFNHHINSNHVSSNSTGSS 

SEQ ID NO: 11 

ATGGAGCTGGAAAACATCGTGGCCAACACGGTCTTGCTGAAAGCCAGGGAAGGGGGCGGAGGAAAGCGCAAAGGGAAAA 

GAAAGAAATCCTGAAGTTCCCrCACATTAGCCAGTGTGAAGACCTCCGAAGGACCATAGACAGAGATTACTGCAGTTTATGTGAC^ 

AGCCAATCGGGAGGCTGCTTTTCCGGCAGTTTTGTGAAACCAGGCCTGGGCTGGAGTGTTACATTCAGTTCCl^ 

TATGAAGTTACTCCAGATGAAAAACTGGGAGAGAAAGGGAAGGAAATTATGACCAAGTACCTCACCCCAAAGTCCCCrcTT 

CCAAGTTGGCCAAGACCTGGTCTCCCAGACGGAGGAGAAGCTCCTACAGAAGCCGTGCAAAGAACTCTTTTCTGCCTGTGCACAGTCTG 

TCCACGAGTACCTGAGGGGAGAACCATTCCyVCGAATATCTGGACAGCATGTTTTTTGACCGCTTTCTCCAGTGG 

CAACOXSTGACCAAAAACACTTTCAGGCAGTATCGAGTGCTAGGAAAAGGGGGCTTCGGGGAGGTCTGTGCCTGCCAGGTTCG 

GGGTAAAATGTATGCCTGCAAGCGCITGGAGAAGAAGAGGATCAAAAAGAGGAAAGGGGAGTCCATGGCCCr^ 

TCGAGAAGGTCAACAGTCAGTTTGTGGTCAACCTGGCCTATGCCTACGAGACCAAGGATGCACTGTGCTTGGTCCT^ 

GGGGGTGACCTGAAGTTCCACATCTACAACATGGGCAACCCTGGCTTCGAGGAGGAGCGGGCCTTGTTTTATGC^ 

CGGCTTAGAAGACCTCCACCGTGAGAACACCGTCTACCGAGATCTGAAACCTGAAAACATCCTGTTAGATGATTATGGCC^ 

TCTCAGACCTGGGCTTGGCTGTGAAGATCCCCGAGGGAGACCTGATCCGCGGCCGGGTGGGCACTGTTGGCTACATGGCTCCAGAGGTC 

CTGAAO^CCAGAGGTACGGCCTGAGCCCCGACTACTGGGGCCTTGGCTGCCTCATCrrATGAG^ 

CGGCCGCAAGGAGAAGGTGAAGCGGGAGGAGGTGGACCGCCGGGTCCTGGAGACGGAGGAGGTGTACTCCCACAAGT^^ 

COVAGTCCATCTGCAAGATGCTGCTCACGAAAGATGCGAAGCAGAGGCTGGGCTGCCAGGAGGAGGGGGCTGCAG^ 

CCCTTCTTCAGGAACATGAACTTCAAGCXSCTTAGAAGCCGGGATGTTGGACCCTCCCrraSTTCCAGACC^ 

GGACGTGCTGGAOVTCGAGa^GTTCrCCACTGTGAAGGGCGTCAATCTGCSACCACACyVG^ 

GCTCTGTGTCCaiTCCCATGGCAAAACGAGATGATAGAAACAGAATGCTTTAAGGAGCTGAACBTGT^^ 

CCAGATCTGAACAGAAACCACCCTCCGGAACCGCCCAAGAAAGGGCrGCTCCAGAGACTCTTCA^ 

GAGTTCGCCCAGCTCCAAGACCAGTTTTAACCACOVCATAAACTCAAACCATGTCAGCT 

SEQ ID NO: 12 
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Human GRK4 6 Splice Variant (NM_005307, L03718). also named GRK4B: 

MELENIVANSLUiKARQEKDYSSLCDKQPIGRRLFRQFCDTKPTLKRHIEFI^ 

PPDVVTBCRLGLKEEMPSKKAFEECTRVAHKYLRGEPFEBYQESSYFSQFLQWKWLERQPVTKOT 

KMYACraOiQKKRIKKRKGEAMALNEKRILEKVQSRFWSLAYAYETKDALC 

LEDLQRERIVYRDLKPENILLDDRGHIRISDLGIATEIPEGQRVRGRVGTVGYMAPEVVNNBKYTF^ 

YKEKWCWEBVDQRIKNDTEBYSEKPSEDAKSICRMLLTKNPSKRIOTIGEGAAGVKQHPVFKDIN^ 

VLDIEQPSAVKGIYLDTADEDFYARFATGCVSIPWQNEDCIiTMVPSEKEVEPKQC 

SEQ ID NO: 13 



ATGGAGCTCGAGAACATCGTGGCa^CTCGCTGCTGCTGAAAGCGOSTCAAGAAAAGGATTATAGCAGTCT^^ 

AGGAAGACGTCTCTTCAGGCAGTTCTGTGATACCAAACCCACrCTAAAGAGGCACATTGAATTC^ 

TTGCCGATGATGAGGACCGAAGTGATTGTGGACTGTCAATCTTAGATAGATTCTTCAATGATAAGTTGGCAGCCCCT^ 

CCTCCAGATGTTGTGACAGAATGTAGATTGGGACTGAAGGAGGAGAACCCTTCCAAAAAAGCCTTTGAGGAATGTACTAGAGl^ 

TAACTACCTAAGAGGGGAACCATTTGAAGAATACCJ^GAAAGCTCATATTTTTCTCAGTTTTTACAATG^ 

CCGTAACAAAGAACACATTTAGACATTACAGAGTTCTAGGAAAAGGCGGATTTGGAGAGGTTTGCGCCTGTCAAGTGCGAGCCACAGGA 
AAAATGTATGCCTGCAAAAAGCTACAAAAAAAAAGAATAAAGAAGAGGAAAGGTGAAGCTATGGCTCTAAATGAGAAAAGAATTCTG 
GAAAGTGCAAAGTAGATTCGTAGTTAGTTTAGCCTACGCTTATGAAACCAAAGATGCCTTGTGCTTGGTGCT 
GGGATTTGAAGTTTCACATTTACAACCTGGGCAATCCCGGCTTTGATGAGCAGAGAGCCGTT^ 
TTGGAAGATTTACAGAGGGAAAGAATTGTATACTVGAGACTTGAAGCCTGAGAATATTCTCCTTGATGATCGTGGAC^ 
AGACCTCGGTTTGGCCACT^GAGATCCCTVGAAGGACAGAGGGTTCGAGGAAGAGTTGGAACAGTCGGCTACATGGCACCTGAAGTTGTCA 
ATAATGAAAAGTATACGTTTAGTCCCGATTGGTGGGGACTTGGCTGTCTGATCTATGAAATGATTCAGGGACATTCTCCATTCAAAAAA 
. TACAAAGAGAAAGTCAAATGGGAGGAGGTCGATCa^GAATCAAGAATGATACCGAGGAGTATTCTGAGAAGTTTTCAGAGGATGCCAA 
ATCTATCTGCAGGATGTTACTCACCAAGAATCCAAGCAAGCGGCTGGGCTGCAGGGGCGAGGGAGCGGCTC 
TGTTCAAGGACATCAACTTCAGGAGGCTGGAGGCMACATGCTGGAGCCCCCrTTCTGTCCTGATCCTC^ 

GTCCTGGATATCGAGCAGTTCTCGGCGGTGAAAGGGATCTACCTGGACACCGCAGATGAAGACTTCTATGCTCGGTTTGCTACC^ 
TGTCTCCATCCCCT6GCAGAATGAGGACTGCCTGACCATGGTCCCCAGTGAGAAGGAAGTGGAACCCAAGCAATGCTGA 

SEQ ID NO: 14 
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Human GRK4 p Splice Variant (U33055, X97880), also named GRK4C: 



MELENIVANSLLLKARQEKDYSSLCDKQPIGRRLPRQPCDTKPTLKRHIEFLDAVAEYEVADDEI)RSDCGLSILD^ 

PPDVVTECRLGLKEENPSKKAFEECTRVAHNYLRGEPFEBYQESSYFSQFLQWKWLERQPWKNTFRHYRVLG^ 

KMYACKKIiQKKRIKKRKGEAMALNEKRILEKVQSRFWSLAYAYETKDALCLVLTIMNGGDIiKra 

LEDLQRERIVYRDLKPENILLDDRGHIRISDLGLATEIPEGQRVRGRVGTVGYl^PEVVNNEKYTFSPDWWG^^ 

YKEKVKWEBVDQRIKiroTEEYSBKPSEDAKSICRMLLTiaiPSKRLGCRGEGAAGVKQHPVFKDINFRRLEANM 

VLD I EQFSAVKGI YLDTADEDFYARFATGCVS I PWQNEMI ESGCPKDINKSESEEALPLDLDKNIHTPVSRPWRGFFYRLFRRGGCLTM 
VPSEKEVEPKQC 

SEQ ID NO: 15 

ATGGAGCTCGAGAACATCGTGGCCAACrCXSCTGCTGCTGAAAGCGCGTCAAGAAAAGGATTATAGCAGTCTa^ 

AGGAAGACGTCTCTTCAGGCTVGTTCTGTGATACCAAACCCACrCTAAAGAGGCACATTGAATT 

TTGCCGATGATGAGGACCGAAGTGATTGTGGACTGTCAATCnTAGATAGATTCrTCAATGATAAGTTC 

CCTCCAGATGTTGTGACAGAATGTAGATTGGGACTGAAGGAGGAGAACCCTTCCAAAAAAGCCITTGAGGAATGTACT 

TAACTACCTAAGAGGGGAACCATTTGAAGAATACCAAGAAAGCTCATATTTTTCTCAGTTTTTACAATGGAAATO 

ccgtaacaaagaacacatttagacattacagagttctaggaaaaggcggatttggagaggtttgcgc^ 

aaaatgtatgcctgcaaaaagciacaaaaaaaaagaataaagaagaggaaaggtgaagctatggctctaaatg;^ 

gaaagtgcaaagtagattcgtagttagtttagcctacxscttatgaaaccmagatgccotgt^ 

GGGATTTGAAGTTTCACATTTACAACCTGGGCAATCCCGGCTT^ 

TTGGAAGATTTACACSAGGGAAAGAATTGTATACAGAGACOTGAAGCCTGAGi^^ 

AGACCTCGGTTTGGCCACAGAGATCCCAGAAGGACAGAGGGTTCGAGGAAGAGTT^ 

ataatgaaaagtatacxstttagtcccgattggtggggacntggctgtctga 

tacaaagagaaagtcaaatgggaggaggtcgatcaaagaatcaagaatgataccgaggagtattctgag 

atctatctgcaggatgttactcaccaagaatccaagcaagcggcrgggc^ 

tgttcaaggacatcaactt^ggaggctggaggcaaacatgtnxs^ 

gtcctggatatcgagcagttctcggcggtgaaagggatctacctggacaccgcagatgaa^ 

tctctccatcccctggcagaatgagatgatcgaatccgggtgtttouuigacat^ 

atctagacaagaacatacataccccggtttccagacta^cagaggcritcrtct^ 

gtccccagtgagaaggaagtggaacccaagcaatgctga 

SEQ ID NO:' 16 
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Human GRK4 a Splice Variant (U33054. X97881), also named GRK4D: 



MELENIVANSLLLKARQGGYGKKSGRSKKWKEILTLPPVSQCSELRHSIEKDYSSLCDKQPIGRRLFRQFCDTKPTL^ 

YEVADDBDRSDCGLSIU^RFFNDKIiAAPLPEIPPDVVTECRliGLKEENPSKKAFEECTRVAHNYLR^ 

RQPVTKNTFRHYRVIXSKGGFGEVCACQVRATGKMYACKKLQKKRIKKRKGEAMALNE^^ 

NGGDLKFHI YNLGNPGFDEQRAVFYAAELCCGLEDLQRERI VYRDLKPENI LLDDRGH IRI SDliGLATE I PEGQRVRGRVGTVGYMAPE 
VVNNEKYTFSPDWWGLGCLIYEMIQGHSPFKKYKEKVKWEEVDQRIKNDTEEYSEKFSEDAKSICRMLLT 
HPVFKDINFRRLEANMLEPPFCPDPHAVYCKDVLDIEQFSAVKGIYIOTADBDPYARPATGCVSIPWQNEMIESG 
PLDLDKNIHTPVSRPNRGFFYRLFRRGGCLTMVPSEKEVEPKQC 

SEQ ID NO: 17 

ATGGAGCTCGAGAACATCGTGGCCy^CTCGCTGCTGCTGAAAGCGCGTCAAGGAGGATATGGCAAAAAAAGTGGTCGTAGTAAA;^ 

GAAGGAGATACTCACACTGCCTCCTGTCAGCCAGTGCAGTGAGCTTAGACATTCCATTGAAAAGGATTATAGCAGTC^ 

AACCGATAGGAAGACGTCTCTTCAGGCAGTTCTGTGATACCAAACCCACTCTAAAGAGGCACATTGAATTCTTGGATGCMTGG 

TATGAAGTTGCCGATGATGAGGACCGAAGTGATTGTGGACTGTCAATCTTAGATAGATTCTTCAAT^ 

AGAAATACCTCCAGATGTTGTGACAGAATGTAGATTGGGACTGAAGGAGGAGAACCCTTCCAAAAAAGCCTT^ 

TTGCCCATAACTACCTAAGAGGGGAACCATTTGAAGAATACCAAGAAAGCTCATATTTri'CraVGTTT^ 

AGGCAACCCGTAACMAGAACAO^TTTAGACATTACftGAGTTCTAGGAAAAGGCXSGATTTC 

CACAG6AAAAATGTAT6CCnX3CAAAAAGCTACAAAAAAAAAGAATAAAGAA(^GAAAGGTGAAGC^^ 

TTCTCGAGAAAGTGCAAAGTAGATTCXSTAGTTAGTTTAGCCTACGCTTAT^^ 

AATGGAGGGGATTTGAAGTTTCACATTTAOACCTGGGCAATCCCXSGCT^^ 

TTGCGGCTTGGAAGATTTACAGAGGGAAAGAATTGTATACAGAGACTTGAAGCCT^ 

GGATTTCAGACCrOKSTTTGGCCACAGAGATCCCAGAAGGACAGAGGGTTC 

GTTGTCAATAATGAAAAGTATAaSTTTAGTCCCGATTGGTGGGGACTTGGCnX^ 

CAAAAAATACAAAGAGAAAGTCAAATGGGAGGAGGTCGATCTUUIGAATCAAGAATGATACC^ 

ATGCCAAATCTATCTGCAGGATGTTACrCACCAAGAATCCAAGCAAGaSGC^^ 

CACCCOGTGTTGAAGGACATOUVCITCAGGAGGCTGGAGGCAAACATGCTGGAGC 

TAAGGACGTCCTCXSW^TATCGAGCAGTTCrCGGCGGTGAAA 

CaaSGTCTGTCTCCATCCCCnX^GCAGAATGAGATGATCGAATCCGGGTGTTTCAAAG^ 

CCATTAGATCTAGAaAGAAaiTACATACCCCGGTTTCCAGACCAAACAGA6GCTT<n^ 

GACCATGGTCXCCAGTGAGAAGGAAGTGGAACCauWXaU^TGCTGA 

SEQ ID NO: 18 
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Human GRK4 y Splice Variant (U33056): 



MELEKIVANSUjLKARQGGYGKKSGRSKKWKEILTLPPVSQCSELRHSIEKDYSSI^DKQPIGRRLFRQFC^ 

YEVADDEDRSDCGLSILDRFFNDKUUVPLPEIPPDVVTECRLGLKBENPSKK^ 

RQPVTKirrFRHYRVLGKGGFGEVCACQVRATGKMyACKKI^KKRIKK^ 

NGGDLKFHIYNLGNPGFDEQRAVFYAAELCCGLEDZiQRERIVYRDLKPENILIiDDRGHIRISDLGIA 

VVimEKYTFSPDVIWGLGCLIYEMIQGHSPFKKYKEIC\nCNEEVDQRIKNDTEEYSEK^ 

HPVFKDINFRRLEANMLEPPPCPDPHAVYCia)VIJ)IEQFSAVKGIYLDTADE0FYARFATGCVSIP^^ 

SEQ ID NO: 19 

ATGGAGCTOSAGAACATCGTCGCCMCTCGCTGCTGCTGAAAGCGCGTCAAGGAGGATATGGCA 

GAAGGAGATACTGACACTGCCTCCTGTCAGCCAGTGCAGTGAGCTTAGACATTCCATTGAAAAGGATTA 

AACCGATAGGAAGACX3TCTCTT(yiGGCAGTTCTGTGATACCAAACCCACTCTAAAGAGGCACATTGAATTCITGGATC 

TATGAAGTTGCCGATGATGAGGACCGAAGTGATTGTGGACTGTCAATCTTAGATAGATTCTTCAATGATAAGTTGG^^ 

AGAAATACCTCCAGATGTTGTGACAGAATGTAGATTGGGACTGAAGGAGGAGAACCCTTCCAAAAAAGCCTTTGAGGAATGTACTAGA 

TTGCCCATAACTACCTAAGAGGGGAACCATTTGAAGAATACCAAGAAAGCTCATATTTTTCTCAGTTTT^ 

AGGCAACCCGTAACAAAGAACACATTTAGACATTACAGAGTTCrAGGAAAAGGCGGATTTGGAGAGGTTTGCGCCTGTCAAGT 

CACAGGAAAAATGTATGCCTGCAAAAAGCTACAAAAAAAAAGAATAAAGAAGAGGAAAGGTGAAGCTATGGCTCTAA^ 

TTCTGGAGAAAGTGCAAAGTAGATTCGTAGTTAGTTTAGCCTACGCTTATGAAACCAAAGATGCCTTGTC 

AATGGAGGGGATTTGAAGTTTCACATTTACAACCTGGGCAATCCCGGCTTTGATGAGCAGAGAGCCGTTTTCTATGC^ 

TTGCGGCTTGGAAGATTTAOVGAGGGAAAGAATTGTATAaVGAGACTTGAAGCCTGAGAATATTCTCC^ 

GGATTTCAGACCTCGGTTTGGCCACAGAGATCCCAGAAGGACAGAGGGTTCGAGGAAGAGTTGGAACAGTCGGCTAC^ 

GTTGTCAATAATGAAAAGTATACGTTTAGTCCCGATTGGTGGGGACTTGGCTGTCTGATCTATGAAATGATTC^ 

CAAAAAATACAAAGAGAAAGTCAAATGGGAGGAGGTCGATCAAAGAATCAAGAATGATACCGAGGAGTATTCTGAGAAGTTTTC^ 

ATGCCAAATCTATCTGCAGGATGTTACTCyiCa^GAATCCAAGCAAGCGGCTGGGCTGCAGGGGCG^ 

CACCCCGTGTTOAGGACATCAACnTCAGGAGGCTGGAGGCAAACATGCTCGAGCCCCCTTTCTGT^ 

TAAGGACGTCCTGGATATCGAGCAGTTCTCGGCGGTGAAAGGGATCTACCTGGACACCGCAGATGAAGACTTCTATGCTCGGCT 
CCGGGTGTGTCTCCATCCCCTGGCAGAATGAGGGCTGCCTGACCATGGTCCCCAGTGAGAAGGM 

SEQ ID NO: 20 
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Human GRK 7 (NM_1 39209): 

IWDMGALDNLIANTAYLQARKPSDCDSI^LQRRRRSLMiPGLQGCAELR 

VQNWEU^BGPTKDSALQGLVATCASAPAPGNPQPFLSQAVATKCXIAATTEEBRVAAVT^ 

KLFEMQPVSDICyFTBFRVLGKGGFGEVCAVQVXimSKKyACKKLDKiaU^ 

MSIiMNGGDLKEIIIYNVGTRGLDMSRVIFYSAQIACXSHIiHLHELGIVYRDHKPENVU^ 

MAPEILHEKVSYSYPVDWFAMGCSIYENVAGRTPFKDYKEKVSKEDZJCQRTLQDEVKFQHDNFTEEAKDICR 

DDPRKHHFFKTINFPRLEAGLIEPPFVPDPSVVYAKDIAEIDDFSEVRGVEFDDKDKQFFKNFATGAVPIAHQBEIIETGLFEELNDPM 
RPTGCEEGHSSKSGVCLLL 

SEQ ID NO: 21 



ATGGTGGACATGGGGGCCCTGGACAACCTGATCGCCAACACCGCCTACCrcCAGGCCCGGAAGCC 

GCAGCGGCGGCGGCGTAGCCTGGCCCTGCCCGGGCTGCAGGGCTGCGCGGAGCTCCGCCAGAAGCTGTCCCTGAACTT 

GTGAGCAGCAGCCCATCGGTCGCCGCCTCTTCCGTGACTTCCTAGCCACAGTGCCCACGTTCCGCAAGGCGGCAACCT^ 

GTGCAGAACTGGGAGCTGGCCGAGGAGGGACCCACCAAAGACAGCGCGCTGCAGGGGCTGGTGGCCACTTGT6CGAGTGCCC 

GGGGAACCCGCAACCCTTCCTCAGCCAGGCCXSTGGCCACCAAGTGCCAAGCAGCCACCACTGAGGAAGAGaSAG^ 

TGGCCAAGGCTGAGGCCATGGCTTTCTTGCAAGAGCAGCCCTTTAAGGATTTCGTGACCAGCGCC^ 

AAACTCTTCGAGATGCMCCAGTGTCAGACAAGTACTTCACTGAGTTdvGAGTGCTGGGGAAAGGTGGTTTTGGGG^ 

CCAGGTGAAAAACACTGGGAAGATGTATGCCTGTAAGAAACTGGACAAGAAGCGGCTGAAGAAGAAAGGTGGCGAGA^ 

TGGAAAAGGAAATCTTGGAGAAGGTCAGCy^GCCCTTTCATTGTCTCTCTGGCCTATGCCT^^ 

ATGAGCCTGATGAATGGGGGAGACCrCAAGTTCCAC».TXrrACAACGTGGGCACGCGTGGCCTG^ 

GGCCCAGATAGCCTGTGGGATGCTGCACCTCCATGAACTCGGCATCGTCTATCGGGACATGAAGCCTGAGAATGTGOT 

TCGGCAACn^CAGGTTATCTGACCTGGGGCTGGCCGTGGAGATGAAGGGTGGCAAGCCCATCAC 

ATGGCTCCTGAGATCCTAATGGAAAAGGTAAGTTATTCCTATCCTGTGGACTGGTTTGCCATGGGATGCAGCATTTATGAAATC 

TGGACGAACACCATTCAAAGATTACAAGGAAAAGGTCAGTAAAGAGGATCTGAAGCT^AAGAACTCTGCAAGACG^^ 

ATGATAACTTCACAGAGGAAGCAAAAGATATTTGCAGGCTCTTCITGGCrrAAG;^ 

GATGATCCCAGGAAACATCATTTCTTTAAAACGATCAACTTTCCrCGCCTGGAAGCTGGCCTAA^ 

TTCAGTGGTTTATGCCAAAGACATCGCTGAAATTGATGATTTCTCTGAG6TTC6GGGG6TGG 

TCAAAAACTTTGCGACAGGTGCTGTTCCTATAGCT^TGGCAGGAAGAAATTATAGAAACX;^^ 

AGACCTACGGGTTGTGAGGAGGGTAATTCATCCAAGTCTXSGCGTGTGTTTCTTATTGTAA 

SEQ ID NO: 22 
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Human Rhodopsin Kinase (GRK1 ) (NM_002929): 

MDFGSLBTV\mNSAFIi^GSFDG8SSQPSR0KKyLAKIJCLPPItSKCESIJU}S 

KDIEDYDTADNDLQPQKAQTIIAQYLDPQAKLFCSE1J3E6IVAKFKEGPVEIQDGLFQPLLQAT 

WI£AQPM6EDWFLDFRVL6KGGFGEVSACQMKATGKLYACKKUnCKRLKK^ 

TIMNGGDIRYHIYNVNEENPGFPEPRALFyTAQIICGLEHLHQIUlIvyiU^LKPENVXiLD^ 

GFMAPELLCySEEYDFSVDYPALGVTLYEMIAARGPFRARGEKVENKELKHRIISEPVKYPDKFSQASKDFCEAI^ 

CDKIJUUIPI^KDIiNWRQLEAGriLMPPFI PDSKTVYAKDIQDVGAFSTV^ 

RSDGQMPDDMKGISGGSSSSSKSGMCLVS 

SEQ ID NO: 23 



ATGGATTTCGGGTCTTTGGAGACCGTGGTGGCCAACTCTGCCTTCATCGCCGCCCGAGGCAGCTTTG 

CCGGGACAAGAAGTACCTGGCCAAGCTCAAGCTGCCCCCGCTGTCCAAGTGTGAGTCCCTCCGCGACAGCCTCAGCCTGGAG^^ 

GTGTGTGCTTGGAGCAGCCCATCGGCAAGAAGCTCTTTCAGCAGTTCCTACAATCGGCAGAGAAGC^ 

AAAGAC^ITCGAGGACTATGACACGGCAGACAATGACCTCCAGCCACAGAAGGCCCAGACCATCCTGGCCCAGTACCT 

CAAACTCTTCTGCAGCTTCCTGGATGAGGGGATAGTGGCGAAGTTTAAGGAGGGGCCTGTGGAGATCC^ 

TGCTGCAGGCCACCCTGGCACACCTGGGCCAAGCCCCCTTCCAGGAGTACCTGGGCAGCCTGTACTTCCTGAGGTTC 

TGGCTG6AAGCCCAGCCCATGGGGGAGGACTGGTTCCTGGACTTCAGGGTCCTGGGGAAAGGGGGCTTCGGGGAGGTGTCGGCCTGCCA 

GATGAAGGCGACCGGCAAGCTGTATGCCTGCAAGAAGCTGAACAAGAAGCGGCTGAAGAAGAGGAAGGGCTAC^^ 

AGAAGAAGATTCTGATGAAAGTACACAGCAGGTTCATCGTGTCTCTGGCCTATGCGTTTGAAACCAAAGCCGACCT 

ACCATCATGAACGGAGGTGACATCAGGTACCACATCTACAACGTGAATCAGGAGAACCCTGGCT^ 

CACGGCGCAGATCATCrcCGGCCTGGAGCACCTGCACCAGAGGCGGATCGTCTACCGCGACCTCAAGCCCGAGAACGTC 

ATGACGGCAATGTCCGGATCTCnXSACCTTGGGCTGGCCGTGGAGCrGCTGGACGGACAGAGCAAGACC^ 

GGTTTCyVTGGCCCCCGAGCTCCTGCAGGGCGAGGAGTACGACTTCrCCGTGGACTACTTTGCCCrrGGGGGTCACCCT^ 

TGCGGCCAGAGGACCCTTCCGAGCCCGTGGAGAGAAGGTGGAGAACAAGGAGCTGAAGCACCGGATCATCrCAGAGCCCGTGAAGTA^ 

CTGATAAGTTCAGCCAGGCCAGCAAGGACrTCTGCGAGGCGCTGCTGGAGAAGGACCCGGAGAAGCGCCTGGGGTTCAGA^ 

TGCGACAAGCrCCGTGCCCACCCCCTCTTCAAGGACCTTAACTGGAGGCAGCTGGAGGCTO 

CTCCA/VAACTGTCTACGOUVAGGATATTCAGGACGTGGGTGCCTTTTCCACCGTCAAAGGTGTGG 

TCTTTCAGGAATTTGCCACTGGCAACTGCCCCATCCCCTGGCAGG7W3GAGATGATCGAGACGGGCATCTTTGGCGAGCT 

CXSCrCGGACGGTCAGATGCaSGACGAOVTGAAGGGCS^TCTCCGGGGGCTCCMCTC 

6 

SEQ ID NO: 24 
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Human GRK3 (p -aderengic receptor kinase 2) (XM_037826): 



MADI^VUUJVSYLMANEKSKATPAAIU^KRIVLPEPSIRSVHQKyiJ^RNEITPDKIFN^ 

U)NEEDRLCRSRQIYDAyiMKELIiSCSHPFSKQAVEHVQSHI^KKQVTSTLFQPYIEEICESLRGDIFX2KFMESDKFTRFC^ 
NEFSVHRIIGRGGFGEVYGCRKADTGK^^yAMKCLDKKRIKMKQGETIJUiNERIMLSLVSTG 

LSQHGVFSEKEMRFYATEIILGLEHlMaRFVVYRDLKPANILLDEHGHARISDI/3IiAa)FSKKKPHASVGTHGYMA^ 

LGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTVNVELPDTFSPELKSLLEGI^RDVSKRIXSCHGGGSQEVK^ 

IPPRGEVNAADAFDIGSFDEEDTKGIKLLDCDQELYKNFPLVISERWQQEVTETVYEAWADTDKIEARKRAKNKQUSHEEDYAL^ 

MLKUSNPFLTQWQRRYFYLFPNRLEVmGEGESRQNLLTMEQILSVEETQIKDKKCILFRIKGGKQFVI^CESDPEFVQW^ 

RRAPKFLNKPRSGTVELPKPSLCHRNSNGL 

SEQ ID NO: 25 



ATGGOGGACCTGGAGGCTGTGCTGGCCGATGTCAGTTACCTGATGGCCATGGAGAAGA^ 

TCGTCCTGCCGGAGCCCAGTATCCGGAGTGTGATGCAGAAGTACeiTGCAGAGAGAAATO 

TGGTTTCTTGCTATTTAAAGATTITTGTTTGAATGAAATrAATGAAGCTGTACCT 

cttgataatgaggaagaccgcctttgcagaagtcgao^aatttatgatgcctacatcatgaaggaact^ 

agcaagctgtagaacacgtacaaagtcatttatccaagaaacaagtgacatcaactctttttcagccatacatag;^ 

tcgaggtgacyvtttttcaaaaatttatggaaagtgacaagttcactagattttgtcagtggaaaaacgttgaat^ 

aatgagttcagtgtgcataggattattggacgaggaggattcggggaagtttatggttgcaggaaagcagacactggaaaaatgtatgcaatc 

aatgcttagataagaagaggatcaaaatgaaactaggagaaacattagccitaaatgaaagaatcatgttgtcrc^ 

tcctttcattgtatgtatgacctatgccttccataccccagataaactctgcitcatcct 

ctttcacaacacggtgtgttcrctgagaaggagatgcggttttatgccactgaaatcattctgggtc^ 

TCTACAGAGATTTGAAGCCAGCAAATATTCTCTTGGATGAACATGGACACGOU^GAATATCAGATC^ 

GAAGCCTCATGCGAGTGTTGGCACCCATGGGTACATGGCrcCCGAGGTGCT^^ 

CTGGGCTGCATGCTTTTCAAACTTCTGAGAGGTCACAGCCC^ 

TCACGGAGGCGGCTCACAGGAAGTAAAAGAGCACAGCTTTTTCAAAGGTGTTGAC^^ 

ATTCCrCCCaSGGGAGAAGTCAATGCTGCTGATGCCTTTGATATTGGCTCATTT^ 
ACCAAGAACTCrACAAGAACTTCCCTTTGGTCATCTCTGAACGCr^ 

AGATAAAATCGAGGCCAGGAAGAGAGCTAAAAATAAGCAACTTGGCCACGAAGAAGATTACGCTCTGGGGAAGGACTGTATTATGCACGGGTAC 

ATGCTGAAACTGGGAAACCCATTTCTGACTCAGTGGCAGCGTCGCTATTTTTACCTCTTTCCAAATAGACTTGAA 

CCCGGCAAAATTTACTGACAATGGAACAGATTCTCTCTGTGGAAGAAACTCAAATTAAAGACAAAAAATC 

GAAACAATTTGTCTTGCAATGTGAGAGTGATCCAGAGTTTGTGCAGTGGAAGAAAGAGTTGAACGAA^ 

CGTOSTGCCCCGAAGTTCCTCAACAAACCTCGGTCAGGTACTGTGGAGCTCCCAAAGCCATCCCTCTGTCACAGA 

SEQ ID NO: 26 



Human GRK1b Splice Variants (AF019764 and AF019765) 
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Bovine GRK3 (P-adenergic receptor kinase 2) (M7321 6): 

MADLEAVLADVSYLMAMEKSKATPAAI^KKIVl,PEPSIRSVMQKYLBER^ 

KEYEKLENEEDRLCRSRQI YOTYIMKELLSCSH PFSKQA\^HVQSHLSKKQVTSTLPQPYI EE I CESLRGS I FQKFMESDKFT^^ 

NVELNIHLTMNDFSVHRIIGRGGFGEWGCRKADTGKMYAMKCUJKKRIKMKQGETLAL^ 

CFILDIJ4NGGDLHYHLSQHGVFSEKE^mPYATEIILGLEHMHNRFVVYRDLKPANILUDEHGHVRI 

MAPEVLQKGTAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMNVELPDVPSPELKSLLEGUj^ 

ELKTHDFFRGIDWQHWLQKYPPPLIPPRGEVNAADAFDIGSFDEBDTKGIKIJiDCDQELYKNFPLVISERWQQEVAE^ 

KIEARKRAKNKQLGHEEDYALGRDCIVHGYNLKLGNPFLTQWQRRYFYLFFNRLEWRGEGESRQSLLTMBQIVSVEEI^ 

IKGGKQFVI^CESDPEFVQVnCKELTETFMEAQRLLRRAPKFLinCSRSAVVELSKPPI<CHRNSNGL 

SEQ ID NO: 27 



ATGGCGGACCTGGAGGCCXSTGCTGGCCGATGTCAGCTACCTGATGGCGATGGAGAAGAGCAAGGCGACCCCG^ 

GAAGATCGTCCTGCCCGAGCCCAGTATCCGGAGCGTGATGCAGAAGTATCTTGAGGAGAGACACGAAATCACC^ 

ATCAGAGAATTGGTTTCTTGCTATTTAAAG A T TTTTG T T TGAATGAAATTAAT^^ 

AAAGAATATGAAAAGCrTGAGAATGAGGAAGATOSCCTTTGTAGAAGTCGACA^ 

GTGTTCACATCCATTCTOUUWSCaWVGCCGTAGAAa^CGTACAAAGTCATCTGTC 

ACATAGAAGAAATTTGTGAAAGTCTCCXSAGGCAGCATTTTTCAAAAATTCATGGAAAGT^ 

AACGTGGAATTAAATATCa^TTTGACCATGAATGATTTCAGCGTGCATCGGATCA 

CMGAAAGCAGACACTGGAAAGATGTATGCAATGAAATGCTTGGATAAGAAGAGA^ 

TGCTTCATCTTGGATCTGATGAACGGGGGTGACCTGCACTATCACCTTTCGCAGCACGGC^ 

CGCCACAGAAATCATCCTGGGGCTGGAACACATGCACAATCGGTTTGTTGTTTACAGAGACTTGAAGCCCGCCAATATC 

AGCACGGACATGTGAGGATATCAGACCTTGGTCTTGCCTGCGATTTTTCCAAAAAGAAGCCGCACGC^^ 

ATGGCGCCCGAAGTTCTGCAGAAGGGGACCGCCTACGACAGCAGTGCa3ACrcGTTCTCCCTGGGCT 

aggtcacagccctttcagacaacataaaaccyuvagataagcatgagatagaccgaatgactctcaccatg 

tcttcrcccctgagcrcaagtcccttctggaaggcctgcttcagcgagatgtcagtaagcgccrrcg^ 

gagctaaaaacgcacxsacttcitcagaggcatcgactggcagcacgtcracctgcagaagtaccct 

ggaagtcaatga^gccgacgccnttgacatosgctcatttgatgaagaggataccaaaggcatc:^ 

tctacaagaacttccctctggtgatctctgagcgctggcagcaggaagtggcggaaacyigtttatgaagcagtaaatgcaga^ 

aaaatcgaggccaggaagagagctaaaaataagcagcttggccacgaagaagattacgccctgggaagagactgcatcgtgc^^ 

catgctcaagctggggaaccctttcctgacccagtggcagcgccgctattttta^ 

gcgagtcgcgacaaagtttaci^caatggaacagattgtgtccgtggaagaaactcagattaaagacaa;^ 

ataaaaggagggaagcagttcgttttgcagtgtgagagtgacccagagtttgtgcagtggaagaa^ 

ggccavgcggctgctacggcgagcccccaagttccrcyuvcaaatcccgctcagccgtcgtc^ 

ggaacagcaacggcctctga 

SEQ ID NO: 28 
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Human GRK2 (G protein-coupled receptor kinase 2) (NM_001619) 
Adrenergic, beta, receptor kinase 1 (ADRBK1 ) 
(Beta-adrenergic receptor kinase 1 (Bark-1 ): 

MADLEAVIJUJVSYLMAMBKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEWFEKIFSQK^ 
KKYEKLETEEBRVTUlSREIFDSYIMKELLACSHPFSKSATEHVQGHLGKKQVPPDLFQPYIEEICQNLRGpVFQKF^ 
NVEIiNIHLTMm)PSVHRIIGRGGFGEVYGCRKAim3KMYAMKCLDKKRIKMKQGETIJ^^ 
SFILDLMNGGDLHYHLSQHGVFSEADMRFYAAEIILGLEHMHNRFVVYRDLKPANILLDEHGH^ 

^IAPEVLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDR^^'LTMAVELPDSFSPELRSLLEGLLQRDWRRLG 
EVKESPFFRSLDWQMVPLQKYPPPLIPPRGEWAADAFDIGSFDEEDTKGIKLLDSDQELYRNFPLTISERWQQEVAETVFDTINAETD 
RLEARKKAKNKQLGHEEDYAL6KDCI MHGYMSKMGNPFLTQWQRRYFYLFPNRLEVfRGEGEAPQSLLTMEE IQSVEETQI KERKCLLLK 
IRGGKQFILQO^SDPELVQWKKBLRDAYREAQQLVQRVPKMKNKPRSPWELSI^^ 

SEQ ID NO: 29 

ATGGOSGACCTGGAGGCGGTGCTGGCaSACGTGAGCTACCTGATGGCCATGGAGAAGAGCAAGGCCACGCCGGCCGCGCGCGCCA 

GAAGATACTGCTGCCCGAGCCCAGCATCCGCAGTGTCATGCAGAAGTACCTGGAGGACCGGGGCGAGGTGACCTTTGAGAAGA 

CCCAGAAGCTX^GTACCTGCTCTTCCGAGACrrTCTGCCTGAACCACCTGGAGGAGGCCAGG^ 

AAGAAGTACGAGAAGCTGGAGACGGAGGAGGAGCGTGTGGCCCGCAGCCGGGAGATCTTCGACTCATACATCATGAA(^ 
CTGCTCGCATCCCTTCTCGAAGAGTGCCACTGAGCyiTGTCaU^GGCaVCCTGGGGAAGAAGCAGGTGCCrCC^ 

ACATCGAAGAGATTTGTCAATACCTCCGAGGGGACGTGTTCCAGAAATTCATTGAGAGCGATAAGTTCACACGGTTTTGCCAGTGG^ 

AATGTGGAGCTCAACATCCACCTGACa\TGAATGACTTCAGCGTGCATCGCATCATTGGGCGCGGGGGCTTTGGCGAGGTCTATGGGTG 

CCGGAAGGCTGACACAGGCAAGATGTACGCCATGAAGTGCCTCGACAAAAAGCGCATCAAGATGAAGCAGGGGGAGACCCTGGCC^ 

ACGAGCGCATCATGCTCTOSCTCGTCAGCACTGGGGACrGCCCATTCATTGTCTGCATGTCATACGC^ 

AGCTTCy^TCCTGGACCTCATGAACGGTGGGGACCTGCACTACCACCTCrCCCAGCAC^ 

TGCGGCCGAGATCATCCTGGGCCTGGAGCACATGCACAACCGCTTCGTGGTCTACCGGGACCTC 

AGCATGGCCACGTGCGGATCTCGGACCTGGGCCTGGCCTGTGACTTCTCCAAGAAGAAGCCCCATGCCyiGCGT^ 

ATGGCTCCGGAGGTCCTGCAGAAGGGCGTGGCCTACGACAGCMTGCaSACTGGTTCrrCT 

GGGGCACAGCCCCTTCOSGCMCACAAGACCAAAGACAAGCATGAGATCGACaSCATG^ 

CCTTCTCX:CCTGAACTACGCTCCCrGCTGGAGGGGTTGCTGaM3AGGGAT^ 

GAGGTCAAAGAGAGCCCCTTTTTCCGCTCX:C3X3GACTGGCAGATGGTCOT 

GGAGGTGAACGOSGCCGACGCCnTCGAa^TTGGCTCXTTCGATGAGG 

TCTACCGCAACTTCCCCCnaiCCATCTCXSGAGCGGTGGCAGCAGGAGGTGGaM^ 

CGGCTGGAGGCrOSCAAGAAAGCCAAGAACAAGCAGCTGGGCCATGAGGAAG^ 

OVTGTCCAAGATGGGOUICCCCTTCCTGACCCAGTGGCAGCGGCGGTAC^ 

GCGAGGCCCCGCAGAGCCTGCTOACCATGGAGGAGATCCAGTOGGTGGAGGAGACG^^ 

ATCCGCGGTGGGAAACAGTTCATTTT6CAGTGCGATAGCGAC(XTGAGCTGGT^^ 

GGCCCA6CAGCTGGT6CAGC»GGTGCCaUW3ATGAAGAACAAGCCGC^^ 

GCGGCAGTGCCAACGGCCTCTGA 

SEQ ID NO: 30 
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Human GRK2 (C20)(G protein-coupled receptor kinase 2) (NM_001619) 
Adrenergic, beta, receptor kinase 1(ADRBK1) 
(Beta-adrenergic receptor kinase 1 (Bark-1): 

MADLEAVIiADVSYLMAMEKSKATPAAIU^KKIIiLPEPSIRSVMQlCYLEDRGEVTFEKIFSQK^ 

KKYEKLETEEERVARSREI FDSYIMKEIiLACSHPFSKSATEHVQGHLGKKQVPPDLFQPYI EE ICQNLRGDVFQKFI ESDK^ 
NVEIiNIHLTMNDFSVHRIIGRGGFGEVYGCRKADTGKMYAMKCU)KKRIKMKQGETLA^ 
SFILDLMNGGDLHYHLSQHGVFSEADMRFYAAEI ILGLEH^a^NRFVVyRDLKPANI LI^ 

MAPEVl^KGVAYDSS ADWFSLGCMLFKLLRGHS PFRQHKTKDKHE IDRMTLTMAVELPDSFS PELRSLLEGLI^ 

EVKES PFFRS LDWQMVFLQKYPPPLI PPRGEWAADAFD I GS FDEEDTKGI KLLDSDQELYRNFPLTISERWQQEVAETVFDTINAETO 
RLEARKKAKNKQLGHEEDYALGIQCIMHGYMSKMGNPFLTQWQRRYFYLFPNRLEWRGEGEAPQSLLTMEEIQSVEETQIKERKCLLLK 
IRGGKQFILQCDSDPELVQWKKEUU3AYREAQQLVQRVPKMKNKPRSPVVELSICVPLVQRGSCVI^ 

SEQ ID NO: 31 

ATGGCGGACCTGGAGGCGGTGCTGGCCGACGTGAGCTACCTGATGGCCATGGAGAAGM 

GAAGATACTGCTGCCa3AGCCCAGCATCCGCAGT6TCAT6CAGAA6TACCnt3GAGC^ 

CCCAGTU^GCTGGGGTACCTGCTCTTCCGAGACrrCTGCCTGAACCACCTGGA^ 

AAGAAGTACGAGAAGCTGGAGACGGAGGAGGAGOSTGTGGCCCXSCAGCCGGGAGATC^ 

CTGCraSCATCCCTTCTCGAAGAGTGCCACTGAGCATGTCCAAGGCCACC^^ 

ACATCGAAGAGATlT6TCAAAACCTCX:GAGGGGAC6T6TTCCA6AAATTCATTGAGAGa3AT 

AATGTGGAGCTCAACATCCACCrGACCATGAATGACTTCAGCGT^ 

CCGGAAGGCTGACACAGGCAAGATGTACGCCATGAAGTGCCTGGACAAAAAGCGCAT^ 

ACGAGCGCATCATGCTCTCGCTCGTCAGCACTGGGGACroCCCATTCATTGT^ 

AGCTTCATCCTGGACCrCATGAAaK?rGGGGACCTGa^CTACCACCTCT 

TGCGGCCGAGATCATCCTGGGCCTGGAGCACATGCACAACCGCTTaSTGGTCTACC^ 

AGCATGGCCACGTGCGGATCTCGGACCTGGGCCTGGCCTGTGACTTCrCCAAGAAGA^^ 

ATGGCTCCGGAGGTCCTGCAGAAGGGCGTGGCCTACGACAGCAGTGCCGACTGGTTCTCTCTGGGGTGCATGCTCTTC^ 

GGGGCACAGCCCCTTCCGGCAGCACAAGACCAAAGACAAGCATGAGATCGACCGCATGACGCTGACGATGGCCGTGGAGCTGCCCG^ 

CCTTCTCCCCTGAACTACGCTCCCTGCTGGAGGGGTTGCTGCAGAGGGATGTCAACCGGAG^ 

GAGGTGAAAGAGAGCCCCTTTTTCCGCrCCCTGGACTGGCAGATGGTCTTCTTGCAGAAGTACCCTCCCCCGCT 

GGAGGTGAACGCGGCCGACGCCTTCGACATTGGCTCCTTOSATGAGGAGGACa^CAAAAGGAATCAAGT^ 

TCTACCGCAACTTCCCCCTCACCATCTCGGAGCGGTGGCAGCAGGAGGTGGCAGAGACTGTCTTCGACACCATCAACGCTGAGACAGAC 

CGGCTGGAGGCTCGCAAGAAAGCO^GAACAAGCAGCTGGGCCATGAGGAAGACTACXSCCCTGGGCAAGGACT 

CATGTCCAAGATGGGCAACCCCTTCCTGACCCAGTGGCAGCGGCGGTACTTeTACCTGTTCCCa^ 

GCGAGGCCCCGCAGAGCCTGCTGACCATGGAGGAGATCCAGTCGGTGGAGGAGACGCAGATCAAGGAGCGCAAGTGCCTG^ 

ATCCGCGGTGGGAAACAGTTCyVTTTTGCyVGTGCGATAGCGACCCTGAGCnXSGTGa^GTGGAAGAAGGAGCT 

GGCCCAGCyvGCTGGTGCAGCGGGTGCCCAAGATGAAGAACTAGCCGCGCrCGCCaSTGGTGG^ 

GCX5GCAGTTGTGTGCTTCTTTAG 

SEQ ID NO: 32 
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Bovine GRK2 (G protein-coupled receptor kinase 2) (M34019,1) 
Bovine beta-adrenergic receptor kinase (beta-ARK): 

MADLEAVLADVSYLMAMEKSKATPAARASKKILLPEPSIRSVMQKYLEDRGEVTFEKIFSQKLGYLLFI^ 

KKYEKLETEEERLVCSREI FDTYI MKELLACSHPFSKSAI EHVQGHLVKKQVP PDIiFQPYI EE I CQNLRGDVFQKFI ESDKFTRFCQWK 

NVEUJIHLTMNDFSVHRIIGRGGPGEVYGCRKADTGKMYAMKCLDKKRIKMKQGETLMiNER 

S FIUDLMNGGDLHYHLSQHGVFSEADMRFYAAEI ILGLEHMHNRFVVYRDLKPAN I LUDEHGHWI S 

MAPEVLQKGVAYDSSADWFSLGCMLFKLLRGHSPFRQHKTKDKHEIDRMTLTMAVELPDSFSPELRSLLEGLLQRDV^ 

EVKESPFFRSLDWQPflVFLQKYPPPLI PPRGEVNAADAFDIGS FDEEDTKG I KLLDSDQELYRNFPLTI SERWQQEVAETVFDTINAETD 

RLEARKKTKNKQLGHEEDYALGKDCIMHGYMSKMGNPFLTQWQRRYFYLFPNRtiEWRGEGEAPQSLLTMEEIQSVEETQII^ 

IRGGKQFVLQCDSDPELVQWKKELRDAYREAQQLVQRVPKMKNKPRSPWELSKVPLIQRGSANGL 

SEQIDNO:33 

ATGGCGGACCTGGAGGCGGTGCTGGCCGACGTGAGCTACCTGATGGCCATGGAGAAGAGCJUVGGCC^ 

GAAGATCCTGCTGCCOSAGCCCAGCATCCGCAGCGTCaTGCAGAAGTACCTGGAGGACaSGGGOGAGGT^ 

CCCAGAAGCTGGGGTACCTGCTTTTCCGAGACTTCTGCCTGAAGCaCCTGGAGGAGGCC^ 

AAGAAATACGAGAAGCraGAGACAGAGGAGGAGCGCCntSGTCrGCAGCCG 

CTGCTCACATCCTTTCTCGAAGAGCGCCATTGAGCACGTCCAGGGCCATCTGG^ 

ATATTGAAGAAATTTGCaVGAACXrrcCGAGGAGACXSTGTTCCAGAAATTCATCGAGAG 

AATGTAGAGCTCAACATCa^CCTGACCATGAAaSACTTCAGTGTGavCCGCATC^ 

Ca^GAAGGCCGACAOSGGCAAGATGTACGCCATGAAGTGTCTGGACAAGAAGCGCATC^ 

ATGAGCGCATC»^TGCTGTCXOTCGTCAGCACa3GGGACTGCCXKTTCATaSTCTGC^ 

AGCTTOVTCCrGGATCTCATGAACGGCGGGGACCTGCACTACaiCCroTCCCAGCACGG 

CGCCGCaSAGATCATCrTGGGCCrnXSAGCACATGCaCAACCGCTTCXS^ 

AGOVCGGCCACGTGCGCa^TCTCAGACCrrGGGCCTGGCCTGTGACTTCTCCAAGAAGAAGCCTCATO 
ATGGCTCCCGAGGTTCTACAGAAGGGTGTGGCCTACGACAGCaGCGCCGACTGGTTCT 
AGGGCATAGCCCTTTCCGGCAGCACAAGACCAAAGACAAGCATGAGATCGACSIGAATGACATTGA^^ 
CCTTCrCCCXri^GCTCCGCTCCTTGCTGGAGGGGCrGCTGC^ 

GAGGTGAAGGAGAGCCCCOTCTTCCXSTTCCCTGGACTGGCAGATGGTCrTTTTACAAAA 

GGAGGTGAATGCAGCCGACGCCTTTGACATTGGCTCCTTCGATGAGGAGGACACAAAAGGAATCAAGCT 

TCTACCGCAACTTCCCCCTGACCATCTCGGAGCGGTGGCAGCAGGAGGTAGCAGAGACTGTCTTTGACACCATC^ 

CGGCTGGAGGCCCGCAAGAAAACCAAAAACAAGCAGTTGGGCCACGAGGAAGACTACGCCCTGGGCAAGGACTGCATCATG 

CATGTCCAAGATGGGCAACCCCirCCTGACCCAGTGGCAGCGGCGGTACTTCTACCTGTTCCCTAACCGGCT 

GCGAGGCCCCGCAGAGCCTGCTGACCATGGAGGAGATCCAGTCGGTGGAGGAGACGCAGATCAAGGAGCGAAAGTGCCTCCTCCTCAAG 
ATCCGAGGTGGCAAGCAGTTTGTCCTGCAGTGCGATAGTGACCCAGAGCTGGTGCAGTGGAAGAAGGAGCTTCGAGACGCCTACCGCGA 
GGCCCAGCAGCTAGTGCAGCGGGTGCCCAAGATGAAGAACAAGCCGCGCTCGCCCGTCGTGGAGCTGAGCAAGGTGCC^ 
GCGGCAGTGCCAACGGCCTCTGA 

SEQ ID NO: 34 
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Fig. 3 



Amino Acid sequence of wild-type hGPR3 ACCESSION NP_005272 

MMWGAGSPLAWLSAGSGNVNVS SVG PAEGPTGPAAPLPS PKAWDWLCISGTLVSCENALWAI IVGTPAFRAPMFLI*VG 

SLAVADLLAGLGLVLHFAAWCIGSAEMSLVLVGVLAMAFTASIGSLLAITVDRYLSLYNALT^ 

WGGALGLGLLPVIiAVmCLDGLTTCGVVyPLSKNHLVVIjAIAFFMVFGIMLQLYAQICK 

ATRKGIATLAVVUSAFAACWLPFTVyCLLGDAHSPPLYTYLTLLPATYNSMINPIiyAFRNQDVQKV^ 

PFRSRSPSDV 

SEQ ID No:35 

Nucleotide sequence of wild-type hGPR3 ACCESSION NM_ 005281 

ATGATGTGGGGTGCAGGCAGCCCTCrOGCCTGGCrcnrCAGCTGGCT 

agaggggcrcacaggtccagccgcaccactgccctcgcctaaggccrrgggatgt^ 

tgtcctccgagaatgcgctagtggtggccatcatcgtgggcactcctoccrra 

a6cctggccgtggcagacctgctcgcawsx3cctgggcctggtcctgca^^ 

gatgagcctggtgctggttggcgtgctggou^tggcctttaca^^ 

gctacctttctctgtacaatgccctcacctactattcagagacaacagtgacac^ 

txx;ggaggtgccctgggcx:t66ggctgctgcct6tgctggcctggaac^ 

ttatccactctccaagaaccatctggtagttctggccattgccttcttcatggtctttgg^^ 

cccaaatctgccgcatostctgccgccatgcaagcagattgcccttc^ 

gccacccxscaagggovttgccacaicrggccgtggtgcttggagcc^^ 

CCTGCTGGGTGATCCCCACTCTCCACCTCTCTACACCTATCTTACCTTGCTCCCTGCCACCTAC;^ 

CTATCATCrACGCCrTCCGOU^CCAGGATGTGCAGAAAGTGCTGTGGGCTGTCTC 

CCCTTCCGATCCCGCTCCCCCAGTGATGTCTAG 

SEQ ID No:36 
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Amino Acid sequence of HA tagged hGPR3 

MY PYDVPDYAAAAAMMWGAGS PLAWLSAGSGNVNVS S VGPAEG PTGPAAPLPS PKAWDWLCI SGTLVSCENALWAI I VG 

TPAFRAPMFLLVGSLAVADLLAGLGLVUIFAAVFCIGSAEMSLVLVGVLAMAFTASIGSLIAITVD 

TVTRTYVMLALVWGGALGLGLLPVLAWNCIJJGLTTCGVVYPLSKNHLWLAIAFFMVF^ 

QRHLLPASHYVATRKGIATUVVVLGAFAACWLPFTVYCLIiGDAHSPPLYTYLTLLPATYNSMINPIIYAE^ 

VCCCCSSSKIPFRSRSPSDV 

SEQ ID No:37 



Nucleotide sequence of HA tagged hGPR3 

ATGTACCCATACGACGTACCnSATTACGCAGCAGCAGCAGCAATGATGTGGGGTGCAGGCAGCCCTCTGGCCTGGC 

CTGGCTCAGGCAACGTGAATGTAAGCAGCGTGGGCCCAGCAGAGGGGCCCACAGGTCCAGCCGCACCACTGCCCTCGCCTAA 

GGCCTGGGATGTGGTGCrCTGCATCTCAGGCACCCTGGTGTCCTGCGAGAATGCGCTAGTGGTGGCCATC^ 

CCTGCCTTCCGTGCCCCCATGTTCCTGCTGGTGGGCAGCCTGGCCGTGGCAGACCTGCTGGCAGGCCTC 

ACTTTGCrcCrGTCITCrGCATCGGCTCAGCGGA 

CATCGGCAGTCTACTGGCCATCACTGTOSACCXSCrACCTTTCT 

ACACGGACCTATGTGATGCTGGCCTTAGTGTGGGGAGGTGCCCTGGGCCTGGGGCTGCTGCCTGTGCTGGCC^ 

TGGATGGCCTGACCACATGTGGCGTGGTTTATCCACTCTCCAAGAACCATCTGGTAGTTCTGGCCATTGCCTTCTTCATGGT 

GTTTGGCATCATGCTGCAGCTCTACGCCCAAATCTGCCGCATCGTCTGCCGCCATGCCCAGCAGATTGCCCTTCAGCGGCAC 

CTGCTGCCTGCCTCCCACTATGTGGCCACCCGCAAGGGCATTGCa^CACTGGCCGTGGTGCTTGGAGCCT^ 

GGTTGCCCTTCACTGTCTACTGCCTGCTGGGTGATGCCCACTCTCCACCrCrCTACACCTATCTT 

CTACAACTCCATGATCAACCCTATCATCTACGCCTTCCGOUiCCAGGATGTGCAGAAAGTGCTC 

TGTTCCrCTTCCAAGATCCCCTTCCGATCCCGCTCCCCCAGTGATGTCTAG 

SEQ ID No:38 
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Amino Acid sequence of the hGPR3- Enhanced Receptor 

MMWGAGSPLAWLSAGSGNVNVSSVGPAEGPTGPAAPLPSPKAWDVVLCISGTLVSCENALVVAIIVGTPAFRAPMFLLVG 

SIAVADLLAGLGLVUJFAAVFCIGSAEMSLVLVGVLAMAFTASIGSLLAITVDRYLSLYNALTYYSETT^ 

WGGAIX3LGLLPVXAWNCIJX5LTTCGVVYPLSramLVVIAIAFFMVFGIMLQLYAQICRIVCRH^ 

ATRKGIATLAVVLGAFAACWLPFTVYCLLGDAHSPPLYTYLTLLPATYNSMINPIIYAFWaQDVQKVLWAVCCCCA 

RTPPSLGPQDESCTTASSSLAKDTSS 

SEQ ID No:39 



Nucleotide sequence of the hGPR3- Enhanced Receptor 

ATGATGTGGGGTGCAGGCAGCCCrCTGGCCTGGCTCtCAGCTGGCTCAGGCMCGTGAATC 

AGAGGGGCCCACAGGTCCAGCCGCACCACTGCCCTCGCCTAAGGCCTGGGATGTGGTGCTC^ 

TCTCCnXSCGAGAATGCGCTAGTGGTGGCCATCATCGTGGGCACTCCTGCCTTCCGTC 

AGCCTCGCCGTGGCAGACCTGCTGGCAGGCCTGGGCCTGGTCCTGCACTTTGCTC 

GATGAGCCTGGTGCTGGTTGGCGTGCTGGCAATGGCCTTTACYGCCAGCATCGG^^ 

GCTACCTTTCTCrGTAa^ATGCCCrCACCTACTATTCAGAGACAA^ 

TGGGGAGGTGCCCTGGGCCTGGGGCTGCTGCCTGTGCTGGCC^^ 

TTATCCACTCTCCAAGAACCATCTGGTAGTTCTGGCCATTGCCTTCTTCATGGTGTTT^ 

CCCAAATCTGCCGCATCGTCTGCCGCa^TGCXraWSCAGATTGCCCTTC^ 

GCCACCCGCAAGGGCATTGCCACACTCGCCGTGGTGCTTGGAGCCTT^ 

CCTGCrGGGTGATGCCCACTCTCCACCTCTCTACACCTATCTTACCTT^^ 

CTATCATCTACGCCTTCCGCAACCAGGATGTGCAGAAAGTGCTOTGGGCTGTCTC 

CGCACCCCACCCAGCCTGGGTCCCCAAGATGAGTCCTGCACCACCGCCAGCTCCTCCCTGGCCAAGGACA 

SEQ ID No:40 
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Amino Acid sequence of the HA tagged hGPR3- Enhanced Receptor 

MYPYDVPDYAAAAAMMWGAGSPIAWLSAGSGNVNVSSVG PAEGPTGPAAPLPS PKAWDWLC ISGTLVSCENALWAI IV 

GTPAFRAPMPLLVGSliAVADIiLAGI/SLVLHFAAVFCIGSAEMSLVLVGVLAMAFTASIGSLLA 

ETTVTRTYVMLALVWGGALGIiSLLPVIAWNCLDGLTTCGVVYPLSKNHLVVLAIAFFMVFGIM^ 

lALQWILLPASHYVATRKGIATLAWLGAFAACWLPFTVYCLLGDAHSPPLYTYLTLLPATYNSM 

VLWAVCCCCAAARGRTPPSLGPQDESCTTASSSLAKDTSS 

SEQ ID No:41 



Nucleotide sequence of the HA tagged hGPR3- Enhanced Receptor 

ATGTACCCATACGACGTACCTGATTACGCAGCAGCAGCAGCAATGATGTGGGGTGCTIGGCAGCCCTCTGGCCTGGCT 

AGCTGGCTCAGGCAACGTGAATGTAAGCAGCGTGGGCCCAGCAGAGGGGCCCACAGGTCCAGCCGCACCACTGCCCTCGC 

CTT^GGCCTGGGATGTGGTGCTCTGCATCTCAGGCACCCTGGTGTCCrcCGAGAATGCGCTAGTGGTGGCCATCATC^ 

GGCACTCCTGCCTTCCGTGCCCCCATGTTCCTGCTGGTGGGCAGCCTGGCCGTGGCAGACCTGCTGGCAGGCCTGGGCCT 

GGTCCTGCACTTTGCTGCTGTCTTCTGCATCGGCTCAGCGGAGATGAGCCTGGTGCTGGTTGGCGTGCTGGCAATGGC 

TTACTGCaVGCATCX5GCAGTCTACTGGCCATCACTGTCGACCGCTACCnTrCTCTGTACAAT^ 

GAGACAACAGTGACACGGACCTATGTGATGCTGGCCTTAGTGTGGGGAGGTGCCCTGGGCCTGGGGCTGCTGCCIGTC 

GGCCTGGAACTGCCTGGATGGCCTGACCACATGTGGCGTGGTTTATCa^CTCTCCAAGAACCATCTGGTAGTTCT^ 

TTGCCTTCTTCATGGTGTTTGGCATCATGCTGCAGCTCTACGCCCAAATCrGCCGCATCGTCTGCCGCCATGCC^ 

ATTGCCCTTCAGCGGCACCTGCTGCCTGCCTCCCACTATGTGGCCACCCGC7AGGGCATTGCCACACTGGCCGTGGTC 

TGGAGCCTTTGCCGCCTGCTGGTTGCCCTTCACTGTCTACTGCCTGCTGGGTGATGCCCACTCTCCACCTCTCTAC^ 

ATCTTACCTTGCTCCCTGCCACCTACAACTCCATGATCAACCCTATCATCTACGCCTTCCGCAACCAGGATGTGCAGAAA 

GTGCTGTGGGCTGTCTGCTGCTGCTGTGCGGCCGCACGGGGACGCACCCCACCCAGCCTGGGTCCCCAAGATGAGTC 

CACCACCGCCAGCTCCTCCCTGGCCAAGGACACTTCATCGTGA 

SEQ ID No:42 
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Amino Acid sequence of the wild-type hGPR6 ACCESSION NP_005275 

MNASAASLNDSQVVWAAEGAAAAATJUU3GPiyrGEW6PPAAAAIX;AGGGANGSLELSSQI^ 

VSGTVIAGENALWALIASTPALRTPMFVLVGSLATADUAGCGLIIiHFVFQYLVPSETVSI.LTVGFLVA^ 

AITVDRYLSLYNALTYYSRRTLI/^VHLLIJU^TWTVSLGLGLLPVL^ 

MLHLYVRICQVVWRHAHQIALQQHCLAPPHIMTRKGVGTIAVVLGTFGASWLPF^ 

NSMINPIIYAFRNQEIQRAliWLLliCGCFQSKVPFRSRSPSEV 

SEQ ID No:43 

Nucleotide sequence of the wild-type hGPR6 ACCESSION NM_ 005284 

ATGAACGCGAGCGCCGCCTCGCTCAAO^CTCCCAGGTGGTGGTAGTGGCGGCC^ 

AGGAGGGGGGCCGGACAOMGCXSWVTGGGGACCCCCTGCTGCGGCGGCrCT 

TGGAGCTGTCCTCGCAGCTOTaSGCTGGGCCACOGGGACTCCTGCTO 

GTGTCGGGGACAGTGATCGCTGGAGAAAACGCGCTGGTGGTGGCGCTCATCGCGTCC^ 

GTTCXJTGCTGGTAGGCAGCCTGGCXrACCGCrGACCTGTTTO 

TGGTGCCCTCGGAGACTCTGAGTCTGCrCACGGTGGGCrTCCTCGTGGCCT^ 

GCCATTAaKnTOACa3CTACCTGTCCCriOTATAACG<MCTa^C^ 

CCTGCTTGCCGCCACTTGGACCXJTGTCCCrAGGCCTGGGGCTC 

CCGCCTGCAGCGTGGTGCGCCCGCTGGCGCGCAGCOVCGTGGCrCTGCTCTCCGCCGCCTTCIT 

ATGCTGCACCTGTACGTGCGCATCTGCCAGGTGGTCTGGCGCCACGCGCACCAGATCGCGCTGCAGCTVG^ 

GCCACCCCATCTCGCTGCaVCCAGAAAGGGTGTGGGTACACTGGCTGTGGTGCTGGGCACTTTCGGCGCCAGCTGGCT 

CCTTCGCCATCTATTGC6TGGTGGGCAGCCATGAGGACCCGGCGGTCTACACTTACGCCACCCTGCTGCCCGCCACCTAC 

AACrCCATGATCy^TCCCATCATCTATGCCTTCCGCAACCAGGAGATCCAGCGCGCCCrrGTGGCTCCT 

TTTCCAGTCCAAAGTGCCCTTTanrCCAGGTCTCCCAGCGAGGTCTGA 

SEQ ID No:44 
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Amino Acid sequence of the HA tagged wild-type hGPR6 

HYPYDVPDYAAAAAMNASAASLNDSQVVVVAAEGAAAAATAAGGPDTGEWGPPAAAA^ 

LLPAVNPWDVLLCVSGTVIAGENALVVALIASTPALRTPMF^VGSIATADLliAG^^ 

VASFAASVSSLLAIT\a3RYIiSLYNALTyySIUlTIiXi6VKL£iLAATWTVSIX3U^ 

LSAAFFMVFGIMLKLYVRICQVVWIUIAHQIALQQHCIAPPHIJUVTRKGVGTIA 

TYATLLPATYNSMINPIIYAFRNQBIQRALWLLLCGCPQSKVPFRSRSPSEV 

SEQ ID No:45 



Nucleotide sequence of the HA tagged wild-type hGPR6 

ATOTACCO^TACGAOSTACCTGATTACGCAGCAGCAGCAGCAATGAACGCGAGCGCCGCCTCGCTCAACGACT 

GGTAGTGGCGGCa3AAGGAGCGGCGGCGGCGGCCACAGCAG(^GGGGGGCCGGACACGGGCX3AATGGGGACCCC^^ 

CGGCTCTAGGAGCCGGCGGCGGAGCTAATGGGTCTCTGGAGCTGTCCTCGCAGCTGTCGGCTGGGCCA 

CCAGCGGTGAATCCGTGGGACGTGCTCCTGTGCGTGTCGGGGACAGTGATCGCTGGAGAAAACGCGCTGGTGGTGGCGCTCAT 

CGCGTCCACTCCGGCGCTGCGCACGCCCATGTTCGTGCTGGTAGGCAGCCTGGCCACCGCTGACCTGTTGGCGGGCTGTGGCC 

TCATCTTGCACTTTGTGTTCCAGTACTTGGTGCCCTCX3GAGACTGTGAGTCTGCTCACGGTGGGCTTCCrCGT(^ 

GCCGCCTCTGTCAGCAGCCreCTGGCCATTACGGTGGACCGCTACCrGTCCCTGTATAACGCGCTCACCrATTACT 

GACCCTGTTGGGCGTGCACCTCCTGCTTGCTOCCACTTGGACCGTGTCCCTAGGCCTGGGGCTGCTGCCCGTGC^ 

ACTGCCTGGCAGAGCGCGCCGCCTGCAGCGTGGTGCGCCCGCTGGCGCGCAGCCACGTGGCTCTGCTCTCCGCCGCCTT 

ATGGTCTTCGGCATCATGCTGCACCTGTACGTGCGCATCTGCCAGGTGGTCTGGCGCCACGCGCACCAGATCGCGCTGCAGC^ 

GCACTGCCTGGCGCCACCCCATCTCGCTGCCACCAGAAAGGGTGTGGGTACACTGGCTGTGGTGCTGGGCACT^ 

GCTGGCTGCCCTTCGCCATCTATTGCGTGGTGGGCAGCCATGAGGACCCGGCGGTCTACACTTACGC^ 

ACCTACAACTCCATGATCAATCCCATCATCrATGCCTTCCGCAACCAGGAGATCCAGCGCGCCCTGTGG 

CTGTTTCCAGTCCAAAGTGCCCTTTCGTTCO^GGTCTCCCavGCGAGGTCTGA 

SEQ ID No:46 
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Amino Acid sequence of the hGPR6- Enhanced Receptor 

MNASAASLNDSQVVWAAEGAAAAATAAGGPDTGEWGPPAAAAIiGAGGGANGSLBLSSQLSA^ 
VSGTVIAGENALWALIASTPAIiRTPMPVLVGSLATADLLAGCGLILHFVFQYLVPSBTVSIiLTVGFLVAS^ 
AITVDRYLSLYNALTYYSRRTLI/SVHLLIJW^TWTVSlXSLGLLPVIiGWNCLA^ 
MMLYVRICQVVWRHAHQIALQQHCLAPPHXJATRKGVGTIAWLGTFGASWLPFAIYCWGSH^^ 
NSMINPI I YAFRNQEXQRALWLXiLCGCAAARGRTPPSLGPQDESCTTASSSLAKDTSS 

SEQ ID No:47 



Nucleotide sequence of the hGPR6- Enhanced Receptor 

ATGAACGCGAGCGCCGCCTCGCTCAACGACrCCaiGGTGGTGGTAGTGGCGGCCGAAGGAGCXSGCGGCGGCGGCCACAGC 

AGCAGGGGGGCCGGACACGGGCGAATGGGGACCCCCTGCTGCGGCGGCTCTAGGAGCCGGCGGCGGAGCTAATGGGT^ 

TGGAGCTCTCCTCGCAGCTGTCGGCTGGGCCACCGGGACrrCCTGCTGCCAGCGGTGAATCCGTGGGACGTGCTCCTGTC 

GTGTCGGGGACAGTGATCGCTGGAGAAAACGCGCTGGTGGTGGCGCTa^TCX3CGTCCyVCTCCGGCG(n^CGCAa3CCCA 

GTTCGTGCTGGTAGGCAGCCTGGCCACaSCTGACCTGTTGGCGGGCTGTGGCCTCATCTTGCACTTTGTGTTCCAGTACT 

TGGTGCCCTCGGAGACTGTGAGTCTGCTCACGGTGGGCTTCCrCGTGGCCTCCrTCGCCGCCrCTGTCAGCAGCCTGC^ 

GCCATTACGGTGGACCGCTACCTGTCCCTGTATAACGCGCTCACCTATTACTCGCGCCGGACC(nX3TTGGGCGTGCA 

CCTGCTTGCCGCCACTTGGACCGTGTCCCTAGGCCTGGGGCTGCTGCCCGTGCTGGGCTGGAACTG 

CCGCCTGCAGCGTGGTGCGCCCGCTGGCGCGCAGCCACGTGGCrCTGCTCTCCGCCGCCTTCTTCATGGTCTTCGGCATC 

ATGCTGO^CCTGTACGTGCGCATCTGCCAGGTGGTCTGGCGCCACGCGCACCAGATCGCGCTGCAGCAGCACTGCCTGGC 

GCCACCCCATCTCGCTGCCACCAGAAAGGGTGTGGGTACACTGGCTGTGGTGCTGG6«CTTTCC^ 

CCTTCGCCATCTATTGCGTGGTGGGCAGCCATGAGGACCCGGaMTCrACACITACGCCACrc 

AACTCCATGATCAATCCCATCATCTATGCCTTCCGCAACCAGGAGATCCAGCGCGCCCTGTGGCT 

TGCGGCCGCACGGGGACXSCACCCCACCCAGCCTGGGTCCCCAAGATGAGTCCTGCACCACXGCCMCTCCTCCC^^ 

AGGACACTTCATCGTGA 

SEQ ID No:48 
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Amino Acid sequence of the HA tagged hGPR6- Enhanced Receptor 

MY PYDVPDYAAAAAMNAS AASLNDSQWWAAEGAAAAATAAGGPDTGEWG P PAAAALGAGGGANGS LELSSQLSAGPPG 

LLLPAVNPWDVLLCVSGTVIAGENALWALIASTPALRTPMFVLVGSIATADUjAGCGLILHFVFQYLVPSETVSLLW 

FLVASFAASVSSLLAITVDRYLSLYNALTYYSRRTLLGVHLLIJ^TWTVSIXSIjGLLPVI^ 

VALLSAAFFMVPGIMLHLYVRICQVVWRHAHQIALQQHCLAPPHLAATIUCGVGTLAVVIXSTFGASWLP^^^ 

PAVYTYATLLPATYNSMINPIIYAFRNQEIQIUaMLLLaSCAAARGRTPPSIiGPQDESCTT/^SSI^^ 

SEQ ID No:4g 



Nucleotide sequence of the HA tagged hGPR6- Enhanced Receptor 

atgtacccatacgacgtacctgattacgcagcag<yigcagcaatgaacgcgagcgccgcctcgctcaacgact 
ggtggtagtggcggccgaaggagcggcggcggcggccacagcagcaggggggccggacacgggcgaatggggaccccctg 
ctgcggcggctctaggagccggcggcggagctaatgggtctctggagctgtcctcgcagctgtcggctgggccaccggga 
ctcctgctgccagcggtgaatccgtgggacgtgctcctgtgcgtgtcggggacagtgatcgctggagaaaacgcgctggt 

GGTGGCGCTCATCGCGTCCACTCCGGCGCTGCGCACGCCCATGTTCGTGCTGGTAGGCAGCCTGGCCACOGCTGACCTC 

tggcgggctgtggcctcatcttgcactttgtgttccagtacttggtgccctcggagactgtgagtc 
gctcacctattactcgcgccggaccctgttgggcgtgcacctcctgcttgccxsccact^^ 

GGCTGCTGCCCGTGCTQGGCTGGAACTGCCTGGCaUSU^GaSCGCOT 

GTGGCTCTGCTCTCCGCCGCClTCTTCATGGTCTrCGGCATCATCCTGCACC^ 

GCGCCACGCGCACa^GATCGCGCTGCAGCAGCACTOCCrrGGCGCavCCCCATCTOT 

CACTGGCTGTGGTGCTGGGCACTTTCMGCX5CCA6CTGGCTGCC 

CaXSCGGTCTAO^CTTACGCCACCCTGCrGCCCGCavCCrACAACT 

CCAGGAGATCCAGCGCGCCCTGTGGCrrCCTGCTCTOTGGCTGTGOGGCaSCaCGGGGACGC^^ 
CCCAAGATGAGTCCTGCACaiCCGCCAGCTCCTCCCTGGCCAAGGACACTTCATCGTGA 

SEQ ID No:50 
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Amino Acid sequence of the wild-type hGPR1 2 ACCESSION NP_005279 

NNEDLKVNLS6LPRDYIJ)AAAAENISAAVSSRVPAVEPEPBLVVMPWDIVIiCTSGTLZSCEN?lIVVLIIFHNPSLI^^ 

LLIGSLALADLIJlGIGLITNFVFAYLLQSEATKLVTIGLIVASFSASVCSLLAITVDRYLSLYy^ 

LVMLWGTSZCLGLLPVMGVmCLRDESTCSVVRPLTKNNAAILSVSFLFMFALMLQLYIQICKIV}^^ 

SHYVTTRKGVSTIAIIIXSTFAACWMPFTLYSLIADYTYPSIYTYATLLPATYNSIINPVIYAFRNQEIQK^^ 

PSSLAQRARSPSDV 

SEQ ID No:51 



Nucleotide sequence of the wild-type hGPR1 2 ACCESSION NM_005288 

ATGAATGAAGACCTGAAGGTCAATTTAAGCGGGCTGCCTCGGGArrATTTAGATGCCGCTGCTGCGGAGAACATCT 

TGCTGTCTCCrCCCGGGTTCCTGCCGTAGAGCCAGAGCCTGAGCTCGTAGTCAACCCCTGGGACATTGTCTTGTGTACCT 

CGGGAACCCTCATCTCCTGTGAAAATGCCATTGTGGTCCTTATCATCTTCCACAACCCCAGCCTGCGAGCACCCATGTTC 

CTGCTAATAGGCAGCCTGGCTCTTGCAGACCTGCTGGCCGGCATTGGACTCATCT^CCAAT^ 

TCAGTCAGAAGCCACCAAGCTGGTCACGATCGGCCTCATTGTCGCCTCTTTCTCTGCCTCTGTCTGCAGCITC 

TCACTGTTGACCGCTACCTCTCACTGTACTACGCTCTGACGTACCATTCGGAGAGGACGGTCACGTTTACCTATGTCATG 

CTCGTCATGCTCTGGGGGACCTCCATCTGCCTGGGGCTGCTGCCCGTCATGGGCTGGAACTGCCTCCGAGACGAGTCCAC 

CTGCAGCGTGGTCAGACCGCTO^CCAAGAACAACGCGGCCATCCTCTCGGTGTCCTTCCTCTTCATGTTTGCGCTCATGC 

TTCAGCTCTACATCCAGATCTGTAAGATTGTGATGAGGCACGCCCATCAGATAGCCCTGCAGCACCACTTCCTGGCCACG 

TCGCACTATGTGACCACCCGGAAAGGGGTCTCCACCCTGGCTATCATCCTGGGGACGTTTGCTGCTTGCTGGATGCCT^ 

CACCCTCTATTCCTTGATAGOKSATTACACCTACCCCTCa^TCTATACCTACXSCCACCCTCCTQCCOT 

CCATCATCAACCCTGTCATATATGCTTTOWSAAACa^GAGATCCMAAAGCGCrC^ 

CCGTCCAGTCTCGCCCAGAGAGCGC6CTCGCCCAGTGATGTGTAG 

SEQ ID No:52 
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Amino Acid sequence of the HA tagged wild-type hGPR12 

MYPYDVPDYAAAAAMNEDUCVIILSGLPRDYUJAAAAENISAAVSSRVPAVEPEPELVW 
IFHNPSLRAPNFLLIGSLMJUSLIJMSIGLZTNFVFAYLIiQSEATKLVTIGLIVASFSASVC^ 
ERTVTFTYVMLVMLWGTSICLGU-PVMGWNCLWJESTCSVVRPLTKNNAAIL 
IKJHHPLATSHYVTTWCGVSTLAIILGTFAACWMPFTLYSLIADYTYPSiyTYATLLPATYNSII^ 
ICCGCI PSSLAQRARSPSDV 

SEQ ID No:53 



Nucleotide sequence of the HA tagged wild-type hGPR12 

ATGTACCCATACGACGTACCTGATTACGCAGO^GCAGCAGCAATGAATGAAGACCrGA^ 

CGGGATTATTTAGATGCCGCTGCTGCGGAGAACATCTCGGCTGCTGTCTCCrCCCGGGTTCCTGCCG 

GAGCTCGTAGTCAACCCCTGGGACATTGTCTTGTGTACCrCGGGAACCCTCATCTCCTGTGAAAATC 

ATCATCTTCCACAACCCCAGCCTCCGAGCyVCCCATGTTCCTGCTAATAGGCAGCCTGGCTCTTGCAGACC^^ 

ATTGGACTCATCACCAATTTTGTTTTTGCCTACCTGCTTCAGTCA6AAGCCACCAAGCTGGTCACGATCG6CCT 

GCCrCTTTCTCTGCCTCrGTCTGCAGCTTGCTGGCTATCACTGTTGACCGCTACCTC^ 

CATTCGGAGAGGACGGTCACGTTTACCTATGTCATGCTCGTCATGCTCTGGGGGACCTCCATCTGCC^^ 

GTCATtWGCTGGAACTGCCTCOSAGACGAGTCa^CCIGOlGCGTGGTC^ 

TCGGTCTCCrrTCCTCTrCATGTTTGCGCTCATGCTTCAGCTCTA»^ 

aiGATAGCCCTGCAGCACCACTTCCTGGCCACXSTCGCACTATGTGACCACCCGGAAAG^ 

CTGGGGACGTTTGCTGCTTGCTGGATGCCTrTCACCCTCrAT^ 

TACGCaiCCCTCCTGCCCGCCACCTAaUVTTCCATCATCAACCCTGTCATATATGCr^ 

GCGCTCTGTCra^TTTGCTGCGGCTGCATCCXXiTCCAGTCTC^ 

SEQ ID No:54 
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Amino Acid sequence of the hGPR12- Enhanced Receptor 

^mEDLKVNLSGLPRDYLDAAAAENI SAAVSSRVPAVEPEPELVVNPWDIVLCTSGTLI SCENAI VVLI I FTWPSL^ 
LLIGSLALADLLAGIGLITNFVFAYLLQSEATKLVTIGLIVASFSASVCSLLAITVDRYLSLYYALTYHSERTVTFT^^ 
LVMLWGTS ICLGLLPVMGWNCLRDESTCS WRPLTKNNAAI LS VSFLFMFALMLQLY IQICKI VMRHAHQI ALQHHFLAT 
SHYVTTRKGVSTIAIILGTFAACWMPFTLYSLIADYTYPSIYTYATIJiPATYNSIINPVIYAFRNQEIQKAIiCLICa^ 
AARGRTPPSLGPQDESCTTASSSLAKDTSS 

SEQ ID No:55 

Nucleotide sequence of the hGPR12- Enhanced Receptor 

ATGAATGAAGACCTGAAGGTCAATTTAAGCGGGCTGCCTCGGGATTATTTAGATGCCGCTGCTGCGGAGAAC^ 
TGCTGTCTCCTCCCGGGTTCCTGCCGTAGAGCCAGAGCXrrGAGCTCGTAGTCAACCCCTGGGAW 
CGGGAACCCrCATCrCCTGTGAAAATGCCATTGTGGTCClTATCATCTTCCACAACCCCAGCCTGTO 
CTGCTAATAGGCAGCCTGGCTCTTGOVGACCrcCICTCa»GCATTGGACTC^ 

TCACTGTTGACCGCTACCTCTCACKSTACrrACGCTCTGAaSTACC^ 

CTOSTCATGCTCTGGGGGACCTCCATCTGCCTGGGGCTGCTGCCCXiTCATCGGC^ 

CTGCAGCGTWTCAGACCGCrCACCAAGAACAACGCraGCCATCCTerC^^ 

TTCAGCTCTACATCCAGATCnGTAAGATTGTGATGAGGCACGCCCATCAGATAGCC 

TCXKa^CTATGTGACCACCCGGAAAGGGGTCTCCACCCTGGCTATOVTCCTGGGGACGTTTGC^ 

O^CCCrCTATTCCrTGATAGCGGATTACACCTACCCCTCCATCTATACCTACGCCACCCT 

CCATCATOWiCCCnXSTCATATATGCTTTCAGAAACCAAGAGATCCAGAAAGCGCT 

GCOSCACGGGGACXSCACCCCaCCCAGCCTGGGTCCCCAAGATGAGTCCrGCACCACCXXrCAGCTCCTCCC^^ 
CACTTCATCGTGA 

SEQ ID No:56 
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Amino Acid sequence of the HA tagged hGPR12- Enhanced Receptor 

MYPYDVPDYAAAAAMNEDLKVNLSGLPRDYLDAAAAENISAAVSSRVPAVE PEPELVVNPWD I VLCTSGTLI SCENAI VV 
LI I FHNPSLW^PMFLLIGSLAIiADLIAGIGLITNFVFAYLLQSEATKLVT I GIjIVAS FSAS VCSLLAIT^ 
TyHSERTVTFTYVMLV^UJWGTSICLGLLPVMGWNCLRDESTCSVVRPLTKNNAAILSVSFL^ 

HAHQI ALQHHFLATSHYVTTRKGVSTLAI IliGTFAACWMPFTLYSLIADYTYPSIYTYATLLPATVNSI INPVIYAFRNQ 
EIQKALCLICCGCAAARGRTPPSLGPQDESCTTASSSLAKDTSS 

SEQ IDNo:57 



Nucleotide sequence of the HA tagged hGPR12-Enhanced Receptor 

ATGTACCCATACGACGTACCTGATTACGCAGCAGCAGCy^GCAATGAATGAAGACCTGAAGGTCAATTTAAGCGGGCTGCC 

TaSGGATTATTTAGATGCCGCTGCTGCGGAGAACATCTa^GCTGCTGTCTCCTCCCGGGTTCCTGCCGTAGAGCCA^^ 

CTGAGCTCGTAGtCAACCCCTGGGACATTgTCTTGTGTACCTCGGGAACCCTCATCTCCTGTGAAAATGCCATTGTGGTC 

CTTATCATCTTCa^CAACCCCAGCCrrGCGAGCACCaVTGTTCCTGCTAATAGGCAGCCTGGCT 

CGGCATTGGACTCATCACCAATTTTGTTTTTGCCTACCTGCTTCAGTCAGAAGCCACa^GCTGGTC^ 

TTGTCGCCTCTTTCTCTGCCTCTGTCTGCAGCITGCTGGCTATCACTGTTGACCGCTACCrCTC^ 

ACGTACCATTCGGAGAGGACGGTCACGTTTACCTATGTCATGCTCGTCATGCTCTGGGGGACCTCCATCTGCCTGGGGCT 

GCTGCCCGTCATGGGCTGGAACTGCCTCCGAGACGAGTCCACCTGCAGCGTGGTCAGACCGCTCACCAAGAA^ 

CCATCCTCTCGGTGTCCITCCTCTTCATGTTTGCGCTCATGCITCAGCrCTACATCaV^ 

CACGCCCATCAGATAGCCCTGCAGCACCACTTCCnXMCCACXSTasa^CrATGT^ 

GGCTATCATCCTGGGGACGTTTGCTGCTTGCTOGATGCCTTTCACCCT 

CCATCTATACCtACGCC»^CCCTCCrGCCCX3CCaCCrACAATrCCATCATaUlCCCTO 

GAGATCavGAAAGCGCTCTGTCTCATrrGCTGC»GCTGCGCGGCCX5CACX^^ 

AGATGAGTCCrcCACO^CCGCCAGCTCCrCCCrGGCCAAGGACACTTCATOS^ 

SEQ ID No:58 
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Amino Acid sequence of the wild-type hSREB3 ACCESSION NP_061842 

MAm-TGEPEEVSGALSPPSASAYVKLVLUSLIMCVSLAGNAILSLLVLKERALHKAPYYPLIiDW 

ASVRHGSSWTFSALSCKIVAFMAVLFCFHAAFMLFCISVTRYMAIAHHRFYAKRMTLWTO^ 

DVGTYKFIREEDQCIFEHRYFKANDTLGFMLMLAVIMAATHAVYGKLLLFEYRHRK^ 

AAANWIAGFGRGPMPPTLLGIRQNGHAASRRLLGMDEVKGBKQLGRMFYAITLIJLIJiWSPYIVAC^ 

YIATAVWMSFAQAAVNPIVCFXI^KDLKKCUITHAPCWGTGGAPAPREPYCVM 

SEQ ID No:59 

Nucleotide sequence of the wild-type hSREB3 ACCESSION NM_018969 

ATGGCCAACACTACCGGAGAGCCTGAGGAGGTGAGCGGCGCTCTGTCCCCACCGTCCGCATCAGCTTATGTGAAGCTGGT 

ACTGCTGGGACTGATTATGTGCGTGAGCCTGGCGGGTAACGCCATCrTGTCCCTGCTGGTGCTCAAGGAGCGTGCCCT 

ACAAGGCTCCTTACTACTTCCTGCTGGACCTGTGCCTGGCCGATGGCATACGCTCTGCCGTCTGCTTCCCCTTTGTGCTG 

GCTTCTGTGCGCCACGGCTCTTCATGGACCTTCAGTGCACTaVGCTGCAAGATTGTGGCCTTTATC 

CTTCCATGCGGCCTTCATGCTGTTCTGCATCAGCGTCACCCGCTACATGGCCATCGCCCACCACCGCTTCTAC^ 

GCATGAa^CTCTGGACATGCGCGGCTGTCATCTGCATGGCCTGGACCCTGTCTGTGGCCATGGCCTTCCCACCT^ 

GACGTGGGCACCTACAAGTTTATTCGGGAGGAGGACCAGTGCATCTTTGAGCATCGCTACTTCAAGGCCAATGACACGCT 

GGGCTTCATGCTTATGTTGGCTGTGCTCTlTGGCAGCTACCCy^TGCTGTCTACGGCAAGCT^ 

ACCGCAAGATGAAGCaVGTGCy^GATGGTGCC:AGCCATCAGCCMAACTGGACATTCCATGGTCC<^^ 

GCTGCTGCCAACTGGATCGCCGGCTTTGGCCGTGGGCCCATGCCACCAACCCrGCTXKXSTATCX:GG 

AGCCAGCCGGCGGCTACTGGGCATGGACGAGGTCAAGGGTGAAAAGCAGCTGGGCCGCAT6TTCTACGCGATCA 

TCTTTCTGCTCCTCTGGTCACCCTAO^TCGTGGCCTGCrACTGGCGAGTGTT^^ 

CAAGAAGTCCCTGAGGACrCACGCCCCCTGCTGGGGCACAGGAGGTGCCCC^^ 
6A 

SEQ ID No:60 
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Amino Acid sequence of the HA tagged wild-type hSREB3 

MYPYDVPOYAAAAAMANTTGEPEEVSGALSPPSASAYVKLVLIXSLIMCVSLAGNAILSUiVLKBRAI^ 

AVCFPFVIiASVRHGSSWTPSALSCKIVAFMAVLFCFHAAmLFCISWRYMAIAHHRFYAKIWTLWT^ 

VFDVGTYKFIREEDQCIFEHRYFKANDTLGFMLMLAVU>lAATHAVyGKLIXFEyRHRKMK^^ 

WIAGFGRGPMPPTLI/SIRQNGHAASRRLLGMDEVKGEKQLGRMFYAITLLFLLLWSPYIVACY^ 

AQAAVNPIVCFLLNKDLKKCLRTHAPCWGTGGAPAPREPYCVM 

SEQ ID No:61 

Nucleotide sequence of the HA tagged wild-type hSREB3 

ATGTACC<»TACGACGTACCTGATTAOGCAGCAGCAGCAGCAATGGCCAACACTACCGGAGW^ 

CGCTCTGTCCCCACCGTCCGCATCAGCTTATGTGAAGCTGGTACTGCTGGGACT^ 

ACXSCCATCTTGTCCCTGCTGGTGCrCAAGGAGCGTGCCCTGCAaWlG^ 

GCCX»TGGCATAC6CTCTGCCGTCTGCTTCCCCriTrGTGCTGGCTTCTGTG0GC^ 

ACTCAGCTGCAAGATTGTGGCCTTTATGGCaSTGCTCTTTTGCTTCCAT^^ 

CCCGCTAOVTGGCCATCGCCCACCACCGCTTCrACGCCAAGCXSCATGACACTC^^ 

GCCTGGACCCTGTCTGTGGCCATGGCCTTCCCACCTGTCTTTGACGTGGGC^^ 

GTGCATCTrrTGAGCATCGCTACTTCAAG6CCMTGACAC»C^^ 

AGCaGAACTGGACATTCCATGGTCCCGGGGCCACCGGCCAGGCTGCTGCCAACTGGA^^ 

aVTGCCACCAACCCTGCTCGGTATCCGGCAGAATGGGCATGCAGCCAGCCGGCGGCTACTGGGCATGGACGA 

GTGAAAAGCAGCTGGGCaSCATGTTCTACGOSATCACACTGCTCTTTCTGCTCCTCTGGTCACCCTAav 

TACTGGCGAGTGTTTGTGAAAGCCTGTGCTGTGCCCCACCGCTACCTGGCCACTGCTGTTTGGATGAGCTTC 

TGCCGTOlACCCAATTGTCrcCTTCCrrGCTCAACAAGGACCTCAAGAAGl^ 

CAGGAGGTGCCCCG6CTCCCAGAGAACCCTACTGTGTCATGTGA 

SEQ ID No:62 
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Amino Acid sequence of the hSREB3- Enhanced Receptor 

MANTTGEPEEVSGALSPPSASAYVKLVLLGLIMCVSLAGNAILSLLVLKERALHKAPYYFL]^^ 

ASVRHGSSWTPSALSCKIVAFMAVLFCFHAAFMLPCISVTRYMAIAHHRFYAKRm'LWTaVAVICMAW^ 

DVGTYKFIRBEDQCIFEHRYFKANDTIX3FMLMIAVLMAATHAVYGKLLLFEYRHRKMKPVQ^^^ 

AAANWIAGFGRGPMPPTLLGIRQNGHAASRRLLGMDEVKGEKQLGRMPYAITLLFIiLLWSPYIVACYWRVFVKACAVPHR 
YLATAWMSFAQAAVNPIVCFLLNKDLKKCLRTHAPOUWURGRTPPSLGPQDESCTT 

SEQ ID No:63 

Nucleotide sequence of the hSREBS- Enhanced Receptor 

ATGGCOACACTACCGGAGAGCCTGAGGAGGTGAGC^GCGCTCTGTCCCaiCC^^ 

ACTGCTCGGACnSATTATGTGCGTGAGCCTGGCGGGTAACGCCATC^ 

ACAAGGCTCCTTACTACTTCCTGCTGGACCTGTGCXITGGCCGAT^ 

GCTTCT6TGC»CCACGGCTCTTCATGGACCTTC»GTGCACTa^GC 

CTTCCATGOSGCCTTCATGCTGTTCTGCATCMCGTCACCCGCTAC^ 

GCATGACACTCTGGACATGOSCGGCTGTCSVTCTGCATGGCCTGGACCCTO 

GACX3TGGGC»CCTACAAGTTTATTC»GGAGGAGGACCAGTGaiTCTTTGAGCATCGC^^ 

GGGCTTCATGCTTATGTTGGCTGTGCTCATGGCAGCTACCCATGCTGTCTACGGCAAGCTG^ 

ACCGOU^GATGAAGCCAGTGCAGATGGTGCCAGCCATCAGCCAGAACTGGACATTCCATGGTCCCGGGGCCACCG 

GCTGCTGCCAACTGGATCGCCGGCTTTGGCCGTGGGCCCATGCCACC/UVCCCTGCTGGGTATCCGGCAGA^ 

AGCaiGCCGGCGGCTACTGGGCATGGACGAGGTCAAGGGTGAAAAGCAGCTGGGCCGCATGTTCTACGCGATCACACTGC 

TCTTTCTGCTCCrCTGGTCACCCTACATCGTGGCCTGCTACTGGCGAGTGTTTGTGAAAGCCTGTGCTGTGCCC^ 

TACCTGGCCACTGCTGTTTGGATGAGCTTCGCCCAGGCTGCCGTCAACCO^TTGTCTGCTTCCTGCTCAAC;^ 

CAAGAAGTGCCTGAGGACTCACGCCCCCTGCGTOGCCGCACGGGGACGCACCCCyiCCCAGCCTG^ 

CCTGCACCACCGCCAGCTCCTCCCTGGCCAAGGACACTTCATC6TGA 

SEQ ID No:64 
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Amino Acid sequence of the HA tagged hSREB3- Enhanced Receptor 

MYPYDyPDYAAAAAMANTTGEPEEVSGALSPPSASAYVKLVLIXSLIMCVSIiAGNAILSLLVlJCER^ 

DGIRSAVCFPPVIASVRHGSSWTFSALSCKIVAFMAVLFCFHAAFMLFCISVTRYMAIAHHRFTrAKR>^ 

TLSVAMAFPPWDV6TYKFIREEDQCIPEHRYFK;^TLGFWIJlLAVLP1AATHA\nfGia4^ 

WTFHGPGATGQAAANWIAGFGRGPMPPTLLGIRQNGHAASRRLLGMDBVKGEKQI/SRMFYAITLLFLLLW 

FVKACAVPHRYLATAVWMSFAQAAVNPIVCFLLNKDLKKCLRTHAPCAAARGRTPPSLGPQDESCTTASSSI^^ 

SEQ ID No:65 



Nucleotide sequence of the HA tagged hSREBS- Enhanced Receptor 

ATGTACCCATACGACGTACCTGATTACGCAGCAGCAGOIGCAATGGCCMCACTACCGGAGAGCCTGAGGAGGTC 

CTCTGTCCCCACCGTCCGCATCAGCTTATGTGAAGCTGGTACTGCTGGGACTGATTATGTGCGTGAGCCTGGCGGGT^ 

CATCTTGTCCCTGCTGGTGCTCAAGGAGCGTGCCCTGCACAAGGCTCCTTACTACITCCT 

GGCATACGCTCTGCCGTCTGCTTCCCCTTTGTGCTGGCTTCTGTGCGCCACGGCTCTrCATGGACCI^ 

GCyVAGATTGTGGCCTTTATGGCCGTGCrcrTTTGCTTCCATGCGGCCTTO^T^ 

GGCCATCGCCCACCACCGCTTCTAaSCCAAGOSCATGACACTCrGGACATGCGCXSGCTGTCATCTGC^^ 
TCTGTGGCCATGGCCTTCCCACCTGTCTTTGACGTGGGCACCTACAAGTTTATTCGGGAGGAGGACCAGTGCATCT^^ 
ATCGCTACTTCAAGGCCAATGACACGCTGGGCTTCATGCTTATGTTGGCTGTGCTCATGGCAGCTACCCATGCT^ 
CAAGCTGCTCCTCTTCGAGTATCGTO^CCGCAAGATGAAGCCAGTGCAGATGGTGCCAGCCATCMCCSW^ 

catggtcccggggccaccggccaggctgctgccy^ctggatasccggctttggccgtgggcccatgccaccaacccto 

gtatccxsgcagaatgggcatgcagccagccggcggctactgggo^tggacgaggtcaagggtgaa;^ 

gttcracgcgatcaolctgctctttctgctcctctggt»ccctacatcgtggcctgcracrr^ 

TGTGCrnSTGCCCa^CCGCTACCTGGCOWrrGCTGTTTGGAT^ 

TGCTCAACAAGGACCrCS^GAAGTGCCTGAGGACnXIACGCCCXlCrGOT 

TCCCCAAGATGAGTCCTGCACCACOSCCMCTCCTCCCTGGCCAAGGACACTTCATCXSTGA 

SEQ ID No:66 
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Amino Acid sequence of tlie wild-type hSREB2 ACCESSION NP_061843 

MANYSHAADNI LQNLS PLTAPLKLTSl^F I IGVS WGNIJ:.! S ILLVKDKTLHWVPYYFLLDlj^^ 
VKNGSTV^^YGTLTCKVIAFIiGVLSCFHTAF^ILFCISVTRyIiAIAHHRFYTKRLTFW^ 

GTYS F I RBEDQCTFQHRSFRANDSLGFMLLLALI LLATQLVYLKLI FFVHDRRKMKPVQPVAAVSQNWTFHGPGASGQAA 

ANWIAGFGRGPTPPTLIXSIRQNANTTGRRRLLVLDEFIO^EKRISRMFYIMTFLFLTLWGPYLVACYWRVFAR^ 

LTAAVWMSFAQAGINPFVCIFSNRELRRCFSTTLLYCRKSRLPREPYCVI 

SEQ ID No:67 

Nucleotide sequence of the wild-type hSREB2 ACCESSION NM_018970 

ATGGCGAACTATAGCCATGCAGCTCACAACATTTTGCAAAATCTCTCGCCTCTAACMCC^^ 

GGGTTTCATAATAGGAGTCAGCGTGGTGGGCAACCTCCTGATCrCCATTTTGCTAGTGAAA^ 

CACCTTACTACTTCCTGTTGGATCTTTGCTGTTCAGATATCCTCAGATCrcCAATTTGT^ 

GTCAAAAATGGCTCTACCTGGACTTATGGGACrCTGACTTGCAAAGTGATTGCCTTrCTC^ 

CACTGCTTTCATGCTCTTCTGCATCAGTGTCACCAGATACrTAGCTATCGCCCATC^ 

CCTTTTGGACGTGTCTGGCTGTGATCTGTATGGTGTGGACTCTGTCTGTGGCCATGGCATTTCCC 

GGCACTTACTCATTCATTAGGGAGGAAGATCAATGCACCTTCCAACACCGCTCCTTCAGGGCTAATGATTCCT^ 

TATGCTGCTTCTTGCTCTCJVTCCTCCTAGCCACACAGCTTGTCTACCTCAAGCTGATATTTTTCGTCCACGATCGAAGAA 

AAATGAAGCCAGTCCAGTTTGTAGCyvGCAGTCAGCCAGAACIWACTTTTCATGGTCCTGGAGCCAG^^ 

GCCAATTGGCTAGCAGGATTTGGAAGGGGTCCavCACCACCCACCITGCTC 

CAGAAGAAGGCTATTGGTCTTAGACGAGTTCAAAATGGAGAAAAGAATCAGCAGAATGTTCTATATAATGAC^^ 
TTCTAACCITGTGGGGCCCCTACCTGGTCGCCTGTTATTGGAGAGTTTTTGCAAGAGGGCC^ 
CTAACAGCTGCTGTCTGGATGAGTTTTGCCCAAGCAGGAATCAATCCrTTTGTCTGCATTTTCTCAAACAGt^ 
GCGCTGTTTO^GCACAACCCTTCITTACTGCAGAAAATCCAGGTTACa^GGGAACC^ 

SEQ ID No:68 



37/52 



wo 03/097795 



PCT/US03/14581 



Amino Acid sequence of the HA tagged wild-type hSREB2 

MYPyDVPDYAAAAAMANYSHAADNILQNLSPLTAFLKLTSLGFIIGVSWGNLLISILLVKDKTLHRAPYY^^ 

LRSAI CFPE^FNS VKNG STWTYGTLTCKVIAFLGVLSCFHTAFMLFCI S VTRYLAI AHHRFYTKRLTFWCI^ 

S VAMAFPPVLDVGTYS F I REEDQCTFQHRS FRANDSLGFMLLLALI LLATQLVYLKLI FFVHDRRKMKPVQFVAAVSQNWT 

FHGPGASGQAAANWLAGFGRGPTPPTLLGIRQNANTTGRRRLLVIiDEFKMEKRISRMFyir^ 

ARGPWPGGFLTAAVWMSFAQAGINPPVCIFSNRELRRCPSTT1.LYCRKSRLPREPYCVI 

SEQ ID No:69 



Nucleotide sequence of the HA tagged wild-type hSREB2 

ATGTACCCATAOSACGTACCTGATTACGCAGCAGa^GCAGaUVTGGCGAACTATAGCaiT^ 
AATCTCTCGCCTCTAACAGCCTTTCTGAAACTGACTTCCITGGGTTTCATA^ 

atctccattttgctagtgaaagataagaccttgcatagagcaccttactacttcc^^ 

ctcagatctocaatttgtttcccatttgtgttcaactctgtcaaa;^ 

aaagtgatt6cctttctgggggttttgtcctgtttccacactgcttt 

GCTATCGCCCATCACCGCTTCTATACAAAGAGGCTGACCTTTTGGACGTGTCTGGCTGTGATCTOTATC^ 

TCTGTGGCCATGGCATTTCCCCCGGTTTTAGACGTGGGCACTTACTCATTCATTAGGGAGGAAGATCAATGCACCTTCCAA 

CACCGCTCCTTCAGGGCTAATGATTCCTTAGGATTTATGCTGCTTCrTGCTCTCATCCTCCTAGCCACACAGCTTGTCT^^ 

CTCAAGCTGATATTTTTCGTCCACGATCGAAGAAAAATGAAGCCAGTCCAGTTTGTAGCAGCAGTCAGCCAGAACTGGACT 

TTTO^TGGTCCTGGAGCCAGTGGCCAGGCAGCTGCCAATTGGCTAGCAGGATTTGGAAGGGGTCCCACACCACCCACC^ 

CTGGGCATCAGGCAAAATGCAAACACCACAGGCAGAAGAAGGCTATTGGTCTTAGACGAGTTCAAAATGGAGAAAAGAATC 

AGCAGAATGTTCTATATAATGACTTTTCTGTTTCTAACCTTGTGGGGCCCCTACCTGGTGGCCTGTTATTGGAGAG 

GCAAGAGGGCCTGTAGTACCAGGGGGATTTCrrAACAGCTGCTGTCTGGATGAGTTTTGCCCAAGCAGGAATO^ 

GTCTGCATTTTCrCAAACAGGGAGCTGAGGCGCrGTTTa«5CACAACCCTTCTTTA 

GAACCTTACTGTGTTATATGA 

SEQ ID No:70 
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Amino Acid sequence of the hSREB2- Enhanced Receptor 

MANYSHAADNILQNLSPLTAFLKLTSIXSPIIGVSVVGNLLISILLVKDKTIJIRAP^ 

VKNGSTWTYGTLTCKVIAFLGVLSCFHTAFMLFCISVTRYLAIAHHRETTKRLTF^ 

GTYS FIREEDQCTFQHRS FRANDSIXSFMLLIJ^I LIjATQL\nfIiKLI FFVHDRRK^ 

AlWIAGFGRGPTPPTLIXSIRQNANTTGRRRLLVLDEPKMEKRISRMFYIMTFLFLTLWGP 

LTMVWMSFAQAGINPFVCIFSNREIJlRCFSTTLLYCAAARGRTPPSLGPQDESCTTASSSliAKDTSS 

SEQ ID No:71 

Nucleotide sequence of the hSREB2- Enhanced Receptor 

ATGGCGAACTATAGCCATGCAGCTGAaU\CATTTT6CAAAATCTCTCGCC^ 
GGGTTTCATAATAGGAGTCAGCGTGGTGGGCAACCTCCTGATCTCCATTTIXSCT^^ 

GTCAAAAATGGCTCTACCTGGACrrATGGGACrCTGACTTGCAAAGTGATTC 

CACTGCTTTCATWTCTTCTGCATCAGTGTaiCCAGATACTTAGCT^ 

CCTTTTGGACGTGTCTGGCTGTGATCTGTATGGTGTGGACTCTGTCTGTGGCCAT^ 

GGCACTTACTCATTCATTAGGQAGGAAGATCAATGCACCTTCCAACACCGCTCCTTCA GGGCTJ ^ 

TATGCTGCTTCTtGCTCrCATCCTCCTAGCCACAaWSCTTGTCTACCT 

AAATCAAGCCAGTCCAGTTTGTAGCAGCAGTOUSCCAGAACTGGACTTTO 

GCCAATTGGCTAGCAGGATTTGGAAGGGGTCCCACACCACCCakCCriTO 

CAGAAGAAGGCTATTGGTCTTAGACGAGTTCAAAATGGAGAAAAGAATCAGCAGAATGTTCTATATAATGACT^ 

TTCTAACCTTGTGGGGCCCCTACCTGGTGGCCTGTTATTGGAGAGTTTTTGCAAGAGGGCCTGTA 

CTAACAGCTGCTGTCTGGATGAGTTTTGCCCAAGCAGGAATCAATCC^^ 

GCGCTGTTTCAGCACAACCCTTCTTTACTGCXSCGGCCGaVCGG^ 

CCTGCACOVCCGCCAGCTCCrCCCTOGCCAAGGACACTTCATCGTGA 

SEQ ID No:72 
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Amino Acid sequence of the HA tagged hSREB2- Enhanced Receptor 

MYPYDVPDYAAAAAMANYSHAADNILQNLSPIiTAFLKLTSLGFI IGVSWGNLLI SILLVKDKTLHRAPYYFLLDLCCSD 
ILRSAICFPE^FNSVKNGSTWTYGTLTCKVIAFLGVLSCFHTAFMLFCISVTRYLAIAHHRFYTKRLTFWTC 
TLSVAMAFPPVLDVGTYS F I REEDQCTFQHRS FRANDSLGFMLLLALI LLATQLVYLKL I FFVHDRRKMKPVQFVAAVSQ 
NWTFHGPGASGQAAANWLAGFGRGPTPPTLIiGIRQNANTTGRRRLLVLDEFKMEKRISRMFYIMTFLFLTLWGPYLVACY 
WRVFARGPWPGGFLTAA\m(SFAQAGXNPFVCIFSNRELRRCFSTTLLYCAAARGRTPPSLGPQDESC^ 

ss 

SEQ ID No:73 

Nucleotide sequence of the HA tagged hSREB2- Enhanced Receptor 

ATGTACCCATACGACGTACCTGATTACGCAGCAGCAGCAGCAATCGCGAACTATAGCCATGCAGCTGACAACAT^^ 

T^TCTCTCGCCTCTAACAGCCTTTCTGAAACTGACITCCTTGGGTTTCATAATAGGAGTCAGCGTGGTG^ 

TGATCTCCATTTTGCTAGTGAAAGATAAGACCTTGCATAGAGCACCTTACTACTTCCTGTTGGATCT^ 

ATCCTCAGATCTGCMTTTGTTTCCCATTTGTGTTCAACTCTGTaUVAAATGGCTCTACC 

TTGCAAAGTGATTGCCTTTCTGGGGGTTTTGTCCTGTTTCCACACrGCTTTCATGCTCnT'CTGCATCA 

ACTTAGCTATCGCCa^TO^CCGCrTCTATACT^GAGGCTGACCTTTTGGACGTGTCTGGCTGTGATCTGTAT^ 

ACTCTGTCTGTGGCCATGGCATTTCCCCCGGTTTTAGACGTGGGCACTTACTCATTCATTAGGGAGGAAGATCAATGCAC 

CTTCCAACACCGCTCCTTCAGGGCTAATGATTCCTTAGGATTTATGCTGCITCTtGCTCTCATCCTCCTA^ 

TTGTCTACCTCAAGCTGATATTTTTCGTCCACGATCGAAGAAAAATGAAGCCAGTCCAGTTTGTAGCAGCAGTCAGCCAG 

AACTGGACTTTTCATGGTCCTGGAGCCAGTGGCCAGGCAGCTGCCAATTGGCTAGCAGGATTTGGAAGGGGTCCCACACC 

ACCCACCTTGCTGGGCATCAGGCAAAATGCAAACACCACAGGCAGAAGAAGGCTATTGGTCTTAGACGAGTTCAAAA 

AGAAAAGAATCAGCAGAATGTTCTATATAATGACITTTCTGTTTCTAACCTTGTGGGGCCCCTACCTGGT^ 

TGGAGAGTTTTTGCAAGAGGGCCTGTAGTACCAGGGGGATTTCTAACAGCTGCTGTCTCGATGAGTTTTGCCC^ 

AATCAATCCTTTTGTCTGCATTTTCrCAAACAGGGAGCTGAGGCGCTGTTTCAGCAC^ 

CACGGGGACGCACCCCACCCy^GCCTGGGTCCCCAAGATGAGTCCTGCACCACaSCCAGCTCCTCCCTGGCCAAGGACAC^ 
TCATCGTGA 

SEQ ID No:74 
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Amino Acid sequence of the wild-type hGPR8 ACCESSION NP_005277.1 

MQiuVGHPEPLDSR6SFSLPTM6ANVSQDNGTGHNATFSEPLPFLYVLLPAVySGICAVGLTGNTAVILVIIlIUVPK^^ 

NVFILMLAVADGLFTLVLPVNIAEHLLQYWPFGELLCKLVIAVDHYNIFSSIYFIiAVMSVDRYLV^ 

RGAKVASLCVWLGVTVLVLPFFSFAGVYSNELQVPSCGIiSFPWPERVWFKASRVYTLVLGE^ 

AVRLRSGAKAIXSKARRKVTVLVLVVIiAVCLLCWTPFHLASWALTTDLPQTPLVI 

DNFRKNFRSILRC 

SEQ ID No:75 

Nucleotide sequence of the wild-type hGPR8 ACCESSION NM_ 005286 

ATGCAGGCCGCTGGGCACCCAGAGCCCCTTGACAGCyiGGGGCTCCTTCTCCCTCCCCACGATGGGTGCCAACGTCTCTCA 

GGACAATGGCACTGGCCACAATGCCACCTTCTCCGAGCCACrGCaSTTCCTCTATGTGCTCCTGCCCGCCGTGT^ 

GGATCTGTGCTGTGGGGCTGACTGGCAACACGGCCGTaiTCCTTGTAATCCTAAGGGCGCCCAAGATGAAGACGGTGACC 

AACGTGTTCATCCTGAACCTGGCCGTCGCCGACGGGCTCTTCACGCTGGTACTGCCCGTCAACATCGCGGAGCACCTGCT 

GCAGTACTGGCCCn'CGGGGAGCTGCTCrrca^AGCTGGTGCTGGCCGTCGACCACTACAA^ 

TCCTAGCCGTGATGAGCGTGGACCGATACCTGGTGGTGCTGGCCACCGTGAGGTCCCGCCACATGCCCTGGCGCACCT 
CGGGGGGCGAAGGTaSCCAGCCTGTGTGTCTGGCTGGGCGTCACGGTCCTGGTTCTGCCCUTClTCrCrTT 
CTACAGCJU^CGAGCTGCAGGTCCCAAGCrGTGGGCrGAGCTTCCCraTGGCCCGAGCGGGTCTGGTTC^ 
TCTACACTTTGGTCCTGGGCTTCGTGCTGCCCGTGTGCACCATCTGTGTGCrCT 

GCCGTGCGGCTCCGCTCTGGAGCCAAGGCTCrAGGCAAGGCCAGGCGGAAGGTGACCGTCCTGGTCCrCGTCGTGC^ 
CGTGTGCCTCCTCTGCTGGACGCCCTTCCACCTGGCCTCTGTCGTGGCCCTGACCACGGACCTGCCCCAGACCCa^C^ 
TCATCAGTATGTCCTACGTCATCACCAGCCTCASSTACGCCAACTOSTGCCTGAACCXrCTTCCTCrACGCCT^ 
GACAACTTCCGGAAGAACTTCCGCAGCATATTGCGGTGCTGA 

SEQ ID No:76 
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Amino Acid sequence of the HA tagged wild-type hGPR8 

MYP YDVPDYAAAAAMQAAGHPEPLDSRGSFSLPTMGANVSQDNGTGHNATFS E PLPFLYVLLPAVYS6ICAVGLTGNTAVI 

LVIXJIAPKMKTVTNWILNLAVADGLFTLVLPVNIAEHLLQYWPFGELLCKLVLAVD 

TVRSRHMPWRTYRGAKVASLCWLGVTVLVLPFFSFAGVYSNELQVPSCGLSFPWPERVWFKM 

VLYTDIiRRIJ^VRLRSGAKAIiGKARRKVTVLVLVVLAVCLLCWTPFHIJ^^ 

LNPFLYAFLDDNFRKNFRSILRC 

SEQ ID No:77 



Nucleotide sequence of the HA tagged wild-type hGPR8 

ATGTACCCATACGACGTACCTGATTACGCAGC7VGCAGCAGCAATGCAGGCCGCTGGGCACCCAGAGCCCCTTGACAGCAGG 

GGCTCCTTCTCCCTCCCCACGATGGGTGCCT^CGTCTCTOiGGACAATGGCACTGGCCACAATGCCACCTTCTCCGAGCC^ 

CTGCCGTTCCTCTATGTGCTCCTGCCCGCCGTGTACTCCGGGATCTGTGCTGTGGGGCTGACTGGCAAC^^ 

CTTGTAATCCTAAGGGCGCCCAAGATGAAGACGGTGACCMCGTGTTCATCCTGAACCTGGCCGTCGCCGACGGGCTCTTC 

ACGCTGGTACTGCCCGTCAACATCGCGGAGCACCTGCTGCAGTACTGGCCCTTCGGGGAGCTGCTCTGCA^ 

GCCGTCGACCACTACAACATCTTCTCCAGCATCTACTTCCTAGCCGTGATGAGCGTGGACCGATACCTGGTGGTGCTGGCC 

ACCGTGAGGTCCCGCCACATGCCCTGGCGCACCTACCGGGGGGCGAAGGTCGCCAGCCTGTGTGTCTGGCTGGGCGTCACG 

GTCCTGGTTCTGCCCTTCTTCTCTTTCGCTGGCGTCTACAGCTUVCGAGCTGCAGGTCCCAAGCTGTGGGCTGAGC^ 

TGGCCCGAGCGGGTCTGGTTCAAGGCCAGCCGTGTCTACACTTTGGTCCTGGGCTTCGTGCTGCCCGTGTGCACCATC^ 

GTGCTCTACACAGACCTCCTGOSCAGGCTGCGGGCCGTGCGGCTCCGCTCTGGAGCCAAGGCrCTAGGCAAGGCCAGGC^^ 

AAGGTGACCGTCCTGGTCCTCGTCGTGCTGGCCGTGTGCCTCCTCTGCTGGACGCCCTTCCACCTGGCCTCTGTCGTGGCC 

CTGACCAOSGACCTGCCCCAGACCCCACTGGTCATaVGTATGTCCTACGTCATCACCAGCCTCASSTACGCCAACTCGTC 

CTGAACCCCTTCCrCTACGCCTTTCTAGATGACAACTTCCGGAAGAACTTCCGCMC^ 

SEQ ID No:78 
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Amino Acid sequence of the hGPR8- Enhanced Receptor 

MQAAGHPEPLDSRGSFSLPTMGANVSQDNGTGHNATFSEPLPFLYVLLPAVYSGICAVGLTGOTAVILVILRAPK^^ 

NVFILNLAVADGLFTLVLPVNIAEHLLQYWPFGEIJiCKLVLAVDHYNIFSSIYPIAVMSVDRYLVVI^ 

RGAKVASLCVWLGVTVLVLPFFSFAGVYSNELQVPSCGLSFPWPERVWFKASRVYTLVICFNajPVCTIC^ 

AWLRSGAKAIXSKARRKVTVLVLVVIAVCLIjCWTPFHIASVVAL 

DHFRKNFRSILRCAAARGRTPPSLGPQDESCTTASSSLAKDTSS 

SEQ ID No:79 

Nucleotide sequence of the hGPR8- Enhanced Receptor 

ATGCAGGCCGCTGGGCACCCAGAGCCCCTlX^CAGCAGGaSCTCCTTCTCCCTCCCCAOGAT^ 

GGAOUlTGGCACTGGCaiCAATGCCACCTTCTCCGAGCCACTGCCGTTCC^ 

GGATCTGTGCTCTGGGGCTGACTGGCaU^CACGGCCXSTCATCCTTC 

AACGTGTTCATCCTGAACCTGGCCGTCGCOSACGGGCTCTTCACGCTGGTACTG^^ 

GOlGTACTGGCCCTTCGGGGAGCTGCrCTGCAAGCTGGTGCTGGCCffi^ 

TCCTAGCCGTGATGAGCGTGGACCGATACCTGGTGGTGCTGGCCACCMTGAGGTCCCGCCACATC 
CGGGGGGCGAAGGTOTCCAGCCTGTGTGTCTGGCTGGGCGTCACGGTCCTGGl^ 

TCTACACTTTGGTCCTGGGCTTCGTGCTGCCaSTGTGCACCATCTGTG^ 

GOrGTGCGGCTCaSCrCTGGAGCCAAGGCTCTAGGCAAGGCCAGGCGGAAGGTGA 

CGTGTGCCTCCTCTGCTGGACGCCCTTCCACCTGGCCTCTGTCGTGGCCCTGACCACGGAC 

TCATO^GTATGTCCTACGTCATCACCAGCCTCAGCTAaSCCAACTCGTGCCKSAACCCCTTCC^ 

GACAACTTCOKSAAGAACTTCCGCAGCATATTGCGGTGCGCGGCCGCACGGGGACGCACCCC^^ 

AGATGAGTCCTGCACCACCGCCAGCTCCrCCCTGGCCAAGGACACTTCATCGTGA 

SEQ ID No:80 
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Amino Acid sequence of the HA tagged hGPR8- Enhanced Receptor 

MYPYDVPDYAAAAAMQAAGHPEPLDSRGSFSLPTMGANVSQDNGTGHNATFSEPLPFLYVLLPAVYSGICAVGLTC 

LVIIiWlPKMKT\miVPII^IAVAIX5LFTLVLPVNIAEHLLQYWPFGELLCK^ 

TVRSRHMPWRTYRGAKVASLCVWLGVTVLVLPFFSFAGVYSNELQVPSCGLSFPWPERVWF^^ 

VLYTDLIJWIJU^TOLRSGAKAI/SKARRKVTVLVLWIAVCL 

LNPFLYAFLDDNPRKNFRSIIACaUUtflGRTPPSI/SPQDESCTTASSSLAKDTSS 

SEQ ID No:81 

Nucleotide sequence of the HA tagged hGPR8- Enhanced Receptor 

ATGTACCCyVTACGACGTACCTGATTACGO^GCAGCAGCAGCAATGCAGGCCGCTG^ 
GGCTCCITCTCCCTCCCCACGATGGGTGCCAACGTCTCTaWlJGACAAT^ 

CTGCCGTTCCTCTATGTGCrCCTGCCCGCCGTGTACTCCGGGATCTGTGCTGTGGGGCTGACTGG^ 
CTTGTAATCCTAAGGGCGCCCAAGATGAAGACGGTGACCAACGTGTTCATCCTGAACCTGGCCGTC^ 
ACGCTGGTACTGCCCGTCAACATCGC6GAGCACCTGCT6aiGTACTGGCCCTTC«GG^ 
GCCGTCGACaiCTACAACATCITCrrCCAGCATCTACTTCCTAGCCGTGATGAGra 

GTCCTGGTTCTGCCCrrCTTCTCTTTaSCrGGCGTCrAC^^ 

GTGCTCTACACAGACCTCCTGCGCAGGCTGCGGGCCGTGCGGCTCCGCTCT^ 

CT6ACCACGGACCrcCCCCAGACCCCACTGGTCATa«3TAT6TCCTACGTC^^ 

CTGAACCCCTTCCTCTACGCriTrCTAGATGACMCTTCCGGAAGAACrTC^ 

GGACGCACCCCaiCCCMCCTGGGTCCCCAAGATGAGTCCTGCACCACCGCCAGCTCCTCC^ 

TGA 

SEQ ID No:82 
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Amino Acid sequence of the wild-type hGPR22 ACCESSION NP_005286.1 

MCFSPILEINMQSESNITVRDDIDDINT^mYQPLSYPLSFQVSLTGFIJMLEIVIX3I^SNLTVLVLYCMKS^ 

TmLHVLDVIICVGCIPLTIVILLLSLESOTALICCFHEACVSFASVSTAINVFAITLDRYDISVKPANRILTMGR^ 

MISIWIFSFFSFLIPFIEVNFFSLQSGNTWENKTLIiCVSTNEYYTELGMYYHLLVQIPIFPFTV\nra.IT^ 

RIGTRFSTGQKKKARKKKTISLTTQHEATDMSQSSGGRNWFGVRTSVSVIIALRRAVKRHRERRER^ 

TFLLCWTPISVUm'ILCl^PSDLLVKLRLCFLVMAYGTTIFHPLLYAFTRQKFQKVLKSK^^ 

IHNSWIDPKRNKKITFEDSEIRBKCLVPQWTD 

SEQ ID No:83 

Nucleotide sequence of the wild-type hGPR22 ACCESSION NM_ 005295 

ATGTGTTTTTCTCCCATTCTGGAAATCAACATGCAGTCTGAATCTAAC^ 

CACO^TATGTACCAACCACTATO^TATCCGTTAAGCTTTCTAGTGTCrCTCACCGGATTTC^ 

TGGGACrTGGCAGCAACCTCACTGTATTGGTACTTTACTGCATGAAATCaU^(m'^^ 

AaU^TGAATCTTCATGTACrTGATGTAATAATTTGTGTGGGATGTATTCCTCTAACTATAGTTATCCT 

GGAGAGTAACACTGCTCTCATTTGCTGTTTCCATGAGGCTTGTGTATCTTTTGCAAGTGTCTCTACAGCAATCAACGT^ 

TTGCTATCACTTTGGACAGATATGACATCTCTGTAAAACCTGCAAACCGAATTCTC 

ATGATATCa^TTTGGATTTTTTCITTTTTCrcrm 

AAATACCTGGGAAAACAAGACACnTTTATGTGTCAGTACAAATGAATACrrACAC^ 

TAGTACAGATCCCAATATTCTTTTTCACTGTTGTAGTAATGTTAATOVCATACACCA^ 

CGAATAGGCACAAGATTTTCAACAGGGCAGAAGAAGAAAGCAAGAAAGAAAAAGACAATTTCTCTAACCAC^ 

GGCTACAGACATGTCACAAAGCAGTGGTGGGAGAAATGTAGTCTTTGGTGTAAGAACTTCAGTTTCTGTAATM 

TCCGGCGAGCTCTGAAACGACACCGTGAACGAOSAGAAAGACAAAAGAGAGTCTTCAGGATGTCTTTATTGATTAT^ 

ACATTTCTTCrCTGCTGGACACCAATTTCTGTTTTAAATACCACCAT^^ 

ATTAAGATTGTGTTTTTTAGTCATGGCTTATGGAACAACTATATTTCACCCT 

TTCAAAAGGTCTTGAAAAGTAAAATGAAAAAGCGAGTTGTTTCTATAGTAGAAGCTGATCCCCTC 

ATACACAACTCTTGGATAGATCCTAAAAGAAAaUUUUUUVTTACCTTTGAA 

GCCTCAGGTTGTCACAGACTAG 

SEQ ID No:84 
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Amino Acid sequence of the HA tagged wild-type hGPR22 

MYPYDVPDYAAAAAMCFS PILE INMQS E SNITVRDDIDD INTNMYQPLS YPI^ FQVSLTGFLMLEI VIX5IX3 

C^IKSNLINSVSN I ITl^LHVLDVI ICVGC I PLTI VI lil^SLESNTALI CCFHEACVSFASVSTAINV 

PANRI LTMGRA\mLMI SI WIFSFFSPLI PFI EVNFFSLQSGimJENKTLI^STNEYYTEIXSMYYHLL^^ 

MLITYTKILQALNIRIGTRFSTGQKKKARKKKTISLTTQHEATDMSQSSGGRNWFGVRTSVSVIIALRRAV^^ 

RQKRVFRMSLLIISTFLIiCWTPXSVLNTTILCLGPSDLLVKLRLCFLV^ 

VSIVEADPLPNNAVIHNSWIDPiCRNKKITFEDSEIREKCLVPQWTD 

SEQ ID No:85 



Nucleotide sequence of the HA tagged wild-type hGPR22 

ATGTACCCATACGACGTACCTGATTACGCAGCAGCAGCAGCAATGTGTTTTTCTCCCATTCTGG^^ 

TGAATCTAACATTACAGTGCGAGATGACATTGATGACATCAACACCAATATGTACC;^ 

TTCAAGTGTCTCTCACCGGArri' CT TATGTTAGAAATTGTGTTGGGACTTGGCAGCAACCT 

TGCATGAAATCCAACTTAATOUVCTCTGTCAGTAACATTATTACAATGAATCTTC^ 

GGGATGTATTCCTCTAACTATAGTTATCCTTCTGCTTTCACTGGAGAGTAACACrrGCTCTCATTTGCT 

CTTGTGTATCTTTTGCAAGTGTCTCAACAGCAATCAACGTTTTTGCTATCACTTTGGACAGATATC 

CCTGCAAACCGAATTCTGACAATGGGCAGAGCTGTAATGTTAATGATATCCATTTGGATTTTTTCTT^ 

GATTCCTTTTATTGAGGTAAATTTTTTCAGTCTTCAAAGTGGAAATACCTGGGAAAACAAGACACTTTTATGTC 

CAAATGAATACTACACTGAACTGGGAATGTATTATCACCrcTTAGTACAGATCCCAATATTCT 

ATGTTAATCACATACACCAAAATACTTCAGGCTCTTAATATTCGAATAGGCAa^GATTTTCAAC^^ 

AGCAAGAAAGAAAAAGACAATTTCrCTAACaiCACAACATGAGGCTACAGACATGTCACAAAG^ 

TAGTCTTTGGTGTAAGAACTTCAGTTTCTGTAATAATTGCCCTCCGGCCa^ 

AGACAAAAGAGAGTCTTCAGGATGTCTTTATT(aiTTATTTCTACATTTCTTCTCTG 

TACCACCATTTTATGTTTAQGCCCAAGTGACCTTTTAGTAATUITTAAG^^ 

CTATATTTCACX:CTCTATTATATGCATTC»CrAGACAAAAATTTaVAA 

GTTTCTATAGTAGAAGCTOATCCCCTGCCTAATAATGCTOTAATACACAACTC^^ 

AATTACCTTTGAAGATAGTGAAATAAGAGAAAAATCTTTAGTGCCTCAGGT^ 

SEQ ID No:86 
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Amino Acid sequence of the hGPR22-Enhanced Receptor 

MCPSPILEINMQSESNITVraDIDDIin!NMYQPLSyPLSPQVSLTGPLMLEIVW3W5SNLTV^ 

TMNLHVLDVI ICVGCI PLTIVILLLSLESNTALICCPHEACVSPASVSTAINVFAITU^ 

MISIWIFSFFSFLIPFIEVNFPSIiQSGNTWENKTLLCVSTNEYrrELGMYYHLLVQIPIFFFTVV>^ 

RI6TRFSTGQKKKAIUCKKTISLTTQHEATDMSQSSGGRNVW6VRTSVSVZIALRRAVK1W 

TFIXCWTPISVIOTTILCUSPSDI.LVKIJU<CFLV^IAYGTTIFHPLLYAE^ 

PQDESCTTAS SSLAKDTSS 

SEQ ID No:87 

Nucleotide sequence of the hGPR22-Enhanced Receptor 

ATGTCTTTTTCrCCcaTTCTGGAAATOACATGCAGTCTGAATCT 

CACCAATATGTACCAACCACTATCATATCOTTTAAGCTTTCAAGTGTCrCTCACC^ 

TGGGACTT^CAGCAACCTCJiCTGTATTGGTACTTTACTGCaTGAAATCC^ 

ACAATGAATCTTCATGTACTTGATGTAATAATTTGTGTGGGATGTATTCCTCTAACTAT^ 

GGAGAGTAACACTCCTCTCATTTGCTGTTTCCATGAGGCTTGTG^ 

TTGCTATCACTTTGGACAGATATGAOVTCTCTGTAAAACCTGCAAACCGAATT^^ 

ATGATATCCATTTGGATTTTTTCTTTTTTCTCTTTCCTGATTCCT^ 

AAATACCTGGGAAAACAAGACACTTTTATGTGTCAGTAOUUVTGAATACTACACT^^ 

TAGTACAGATCCCAATATTCTTTTTCACTGTTGTAGTAATGTTAATCACATACACa^^ 

CGAATAGGCACAAGATTTTCAACAGGGCAGAAGAAGAAAGCAAGAAAGAAAAAC^ 

GGCTACAGACATGTCACMAGCAGTGGTGGGAGAAATGTAGTCTTTGGTGTAAGA^ 

TCCGGCGAGCTGTGAAACGACACCGTGAACGACGAGAAAGAO^AIU^GAGAGTCTTCA^ 

ACATTTCTTOTCTGCTGGACACCAATTTCTGTTTTAAATACX^ 

ATTAA6ATTGT6TTTTTTAGTCATGGCTTATGGAACAACTATATTTCACCCT 

TTCAAAAGGTCTTGAAAAGTAAAATGAAAAAGCGAGTTGTTTGTGCGGCCGCJ^^ 

CCCCAAGATGAGTCCTGCACCACCGCCAGCTCCTCCXrrGGCX^AGGACACOT 

SEQ ID No:88 
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Amino Acid sequence of the HA tagged hGPR22- Enhanced Receptor 

MYPYDVPDYAAAAAMCFSPILEINMQSESNITVRDDIDD INTNMYQPLSYPLSFQVS LTGFLMLE I VLGL6SNLTVLVLY 

CmSNLINSVSNIITMNLHVLDVIICVGCIPLTIVILLLSLESNTALICCFHEACVSFASVSTAINVFAITLDRTO 

PANRILTMGRAVMLMISIWIFSFFSFLIPFIEVNFFSLQSGmWENKTLLCVSTNEYYTELGMYYHLLVQ^ 

MLITYTKILQALNIRIGTRFSTGQKKKARKKKTISLTTQHBATDMSQSSGGRNWFGVRTSVSVIIAL 

RQKRVFRMSLLIISTFLLCWTPISVLNTTILCLGPSDLLVKLRLCFLVMAYGTTIFHPLLYAPTO 

VCAAARGRTPPSLGPQDESCTTASSSLAKDTSS 

SEQ ID No:89 



Nucleotide sequence of the HA tagged hGPR22-Enhanced Receptor 

ATGTACCCATACGACGTACCTGATTACGCAGCAGCAGCAGCAATGTGTTTTTCTCCcaTTCTGGAAATCAACAT^ 

GAATCTAACATTACAGTGCGAGATGACy^TTGATGACATCAACACO^TATGTACCAACCACTATCATATCCGT 

CAAGTGTCTCTCACCGGATTTCITATGTTAGAAATTGTGTTGGGACTTGGCAGaU 

ATGAAATCCAACTTAATCAACTCTGTCAGTAACATTATTACAATGAATCTTCATGTACTTC 

TGTATTCCTCTAACTATAGTTATCCTTCTGCTTTCACTGGAGAGTAACACn^CTCTCATTTGCTGTTTC^ 

GTATCTTTTGCAAGTGTCTCAACAGCAATCAACGTTTTTGCTATCACI^ 

AACCGAATTCTGACAATGGGCAGAGCTGTAATGTTAATGATATCCTITTTGGATTTTTTCT^ 

TTTATTGAGGTAAATTTTTTCAGTCTTOUWVGTGGAAATACCTGGGAAAACAAGACAC^ 

TACTACACTGAACTGGGAATGTATTATCACCTGTTAGTACAGATCCCAATATTCTTTTTCACTGTTGTAGTAATGT^ 
ACATACACCT^AAATACTTCAGGCTCTTAATATTCGAATAGGCACAAGATTTTC;^ 
AAAAAGACAATTTCTCTAACOlCACMCATGAGGCTACTlGACa^TGTCAa^GCAGT^ 
GTAAGAACrrCAGTTTCTGTAATAATTGCCCrCCGGCGAGCTGTGAAACGAa^CCG 

TGTTTAGGCCCAAGTGACCTTTTAGTAAAATTAAGATTGTGTTTTTTAGTCATGGCTTATC^^ 

CTATTATATGCATTCACTA6ACAAA7^TTTCAAi\AGGTCTT6AAAAGTAAAATGAAAAA 

CGGGGACGCACCa:ACCCAGCCIX3GGTCCCX:AAGATGA6TCCT6CACCACC^ 

TCGTGA 

SEQ ID No:90 
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